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This volume contains complete data sheets for 
Motorola-manufactured devices with El A registered type 
numbers from IN 5000 and 2N5000 and up, as well as 
those with 3N . . . and 4N . . . type numbers. Data sheets 
are in numerical sequence according to device type 
number except for those data sheets that cover several 
devices with different type numbers. The numerical 
index in front of the book permits the user to quickly 
locate the page number of the data sheet for any device 
characterized in the book. 
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2N6341 

2N6342 


V! 




































IN... JEDEC REGISTERED 
DEVICE SPECIFICATIONS 



in5139,A thru 1n5148,A (SILICON) 


Silicon voltage -variable capacitance diodes, designed 
for electronic tuning and harmonic -generation applica- 
tions, and providing solid-state reliability to replace 
mechanical tuning methods. 

MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

60 

Vdc 

Forward Current 

*F 

250 

mAdc 

RF Power Inputt 

P. + 
in 

5.0 

Watts 

Device Dissipation @ T A = 25°C 

P D 

400 

mW 

Derate above 25°C 


2. 67 

mW/°C 

Device Dissipation @ = 25°C 

P c 

2.0 

Watts 

Derate above 25 0 C 


13. 3 

mW/°C 

Junction Temperature 

T J 

+175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


tThe RF power input rating assumes that an adequate heat sink is provided. 


ELECTRICAL CHARACTERISTICS 0T A = 25°C unless otherwise noted) 



Polarity band on 
cathode end 


Characteristic -All Types 

Test Conditions 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

I R = 10 nAdc 

b vr 

60 

70 

— 

Vdc 

Reverse Voltage Leakage Current 

V R = 55 Vdc, T a = 25°C 

l R 

— 

— 

0.02 

pAdc 


V R = 55 Vdc, T a = 150°C 


- 

- 

20 


Series Inductance 

f = 250 MHz, L « 1/16" 

L S 

- 

5.0 

- 

nH 

Case Capacitance 

f = 1 MHz, L « 1/16" 

c c 

— 

0.25 

- 

pF 

Diode Capacitance Temperature 
Coefficient 

V R = 4 Vdc, f = 1 MHz 

TC C 

— 

200 

300 

ppm/°C 



C T , Diode Capacitance 

V R = 4 Vdc, f = 1 MHz 
pF 

Q, Figure of Merit 
V R = 4 Vdc, 
f = 50 MHz 

a 

V R = 4 Vdc, f = 1 MHz 

TR, Tuning Ratio 

/V C 60 

f = 1 MHz 

Device 

Min 

Typ 

Max 

Min 

Min 

Typ 

Min 

Typ 

1N5139 

6.1 

6.8 

7.5 

350 

0.37 

0.40 

2.7 

2.9 

1N5139A 

6.5 

6.8 

7.1 

350 

0.37 

0.40 

2.7 

2.9 

1N5140 

9.0 

10.0 

11.0 

300 

0.38 

0.41 

2.8 

3.0 

1N5140A 

9.5 

10.0 

10.5 

300 

0.38 

0.41 

2.8 

3.0 

1N5141 

10.8 

12.0 

13.2 

300 

0.38 

0.41 

2.8 

3.0 

1N5141A 

11.4 

12.0 

12.6 

300 

0.38 

0.41 

2.8 

3.0 

1N5142 

13.5 

15.0 

16.5 

250 

0.38 

0.41 

2.8 

3.0 

1N5142A 

14.3 

15.0 

15.7 

250 

0.38 

0.41 

2.8 

3.0 

1N5143 

16.2 

18.0 

19.8 

250 

0.38 

0.41 

2.8 

3.0 

1N5143A 

17.1 

18.0 

18.9 

250 

0.38 

0.41 

2.8 

3.0 

1N5144 

19.8 

22.0 

24.2 

200 

0.43 

0.45 

3.2 

3.4 

1N5144A 

20.9 

22.0 

23.1 

200 

0.43 

0.45 

3.2 

3.4 

1N5145 

24.3 

27.0 

29.7 

200 

0.43 

0.45 

3.2 

3.4 

1N5145A 

25.7 

27.0 

28.3 

200 

0.43 

0.45 

3.2 

3.4 

1N5146 

29.7 

33.0 

36.3 

200 

0.43 

0.45 

3.2 

3.4 

1N5146A 

31.4 

33.0 

34.6 

200 

0.43 

0.45 

3.2 

3.4 

1N5147 

36.1 

39.0 

42.9 

200 

0.43 

0.45 

3.2 

3.4 

1N5147A 

37.1 

39.0 

40.9 

200 

0.43 

0.45 

3.2 

3.4 

1N5148 

42.3 

47.0 

51.7 

200 

0.43 

0.45 

3.2 

3.4 

1N5148A 

44.7 

47.0 

49.3 

200 

0.43 

0.45 

3.2 

3.4 
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1N5189, A thru 1 N5148, A (continued) 


FIGURE 1 - DIODE CAPACITANCE 


FIGURE 2 — FIGURE OF MERIT 


versus REVERSE VOLTAGE 



versus REVERSE VOLTAGE 



1 3 5 7 10 30 50 60 

V R . REVERSE VOLTAGE (VOLTS) 


FIGURE 3 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 


FIGURE 4 - NORMALIZED FIGURE OF MERIT 
versus JUNCTION TEMPERATURE 



-100 -75 -50 -25 0 +25 +50 +75 +100 



-65 -50 -25 0 +25 +50 +75 +85 


Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 5 - REVERSE CURRENT 


FIGURE 6 — FIGURE OF MERIT 



0 -10 -20 -30 -40 -50 -60 



10 30 50 70 100 


V R , REVERSE VOLTAGE (VOLTS) 


f, FREQUENCY (MHz) 


1-3 





in5149 (SILICON) 
in5150 


The RF Line 


SILICON HIGH FREQUENCY 
STEP-RECOVERY POWER VARACTORS 

. . .designed for 100 MHz to 2 GHz harmonic-generation applications 
with output power to 25 Watts at 1 GHz. 

• Specified fj n = 0.5 GHz, f ou t = 1 .0 GHz Characteristics — 

Input Power = 20 W — 1N5149 
= 37 W - 1N5150 
Output Power = 1 1 W — 1 N5149 
= 24 W - 1N5150 
Efficiency = 55% - IN 51 49 
= 65%- 1N5150 

« Characterized with Doubling, Tripling and Quadrupling Curves 


• 100% Functionally Tested as a Doubler @1.0 GHz 

MAXIMUM RATINGS 

Rating 

Symbol 

1N5149 1 1N515G 

Unit 

Reverse Voltage 

V R 

80 

Volts 

Forward Current 

'F 

1.0 

Amp 

RF Power Input 

Pin 

25 

40 

Watts 

Total Device Dissipation @ T A = 75°C 

Derate above 75°C 

P D 

10 

0.08 

14 

0.11 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J'T$tg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

1N5150 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

9.0 

o 

0 

1 


ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = lOMAdc) 

B Vr 

80 

90 

“ 

Vdc 

Reverse Current 
(V R = 70 Vdc) 

(Vr = 70 Vdc,T A = 1 50°C) 

•r 

- 

- 

2.0 

100 

juAdc 

Diode Capacitance 

(Vr = 6.0 Vdc, f = 1.0 MHz) 

C T 

5.0 

11.5 

20 

pF 

Figure of Merit 

(Vr = 6.0 Vdc, f = 50 MHz) 

Q 


800 


~ 


FUNCTIONAL TEST (Figure 3) 


RF Power Output 

(P in = 20 W, fj n = 0.5 GHz,f 0Ut = 1 .0 GHz) 1N5149 
(P jn = 37W,f in = 0.5 GHz, f out = 1.0GHz) 1N5150 

p out 

ii 

24 

25 

- 

Watts 

Doubler Efficiency 

n 




% 

(P jn = 20 W,f in = 0.5 GHz, f out = 1 .0 GHz) 1N5149 


55 

- 

- 


(P in =37W,f jn = 0.5GHz,f out = 1.0GHz) 1N5150 


65 

68 




24 W - 1 GHz - 1N5150 
11 W - 1 GHz - 1N5149 

STEP-RECOVERY 
POWER VARACTOR 
DIODES 




£ t 


STYLE 1: 

PIN 1 CATHODE 
2. ANODE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.72 

6.22 

0.225 

0.245 

B 

4 70 

4.95 

0 185 

0.195 

C 

19.18 

20.19 

0.755 

0.795 

D 

2.24 

2.49 

0.088 

0.098 

F 

4.57 

4.83 

0.180 

0.190 

H 

2.29 

2.54 

0.090 

0.100 

J 

3.68 

4.06 

0.145 

0160 

L 

3.94 

4.19 

0.155 

0.165 

N 

3.18 

3.43 

0.125 

0.135 
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out, OUTPUT POWER (WATTS) P out , OUTPUT POWER (WATTS) P 0 ut. OUTPUT POWER (WATTS) 


1N5149, 1N51 50 (continued) 










1N5149, 1N5150 (continued) 


FIGURE 4 - LINEARITY CHARACTERISTIC WITHOUT RETUNING 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vr, REVERSE VOLTAGE (VOLTS) 


APPLICATION NOTE 
VARACTOR CHARACTERISTICS 

The 1N5149 and 1N5150 varactors are designed for RF power 
inputs up to 25 watts and 40 watts respectively. These devices ex- 
hibit high multiplication efficiency at output frequencies as low as 
0.1 GHz and as high as 2.0 GHz. Power handling capability is stressed 
in device construction, but high efficiency is maintained with power 
mputs as low as 3 watts. At output frequencies below 600 MHz, where 
input power beyond the capability of these devices is needed, the 
1N4386 and 1N4387 varactors are recommended. 

The 1N5149 and 1N5150 power varactors are epitaxial- 
passivated, diffused-junction varactors with a unique impurity profile. 
The significance of the impurity profile is the enhancement of snap- 
off in the current waveform, due to the fast recovery of stored minority 
carriers after a forward-voltage surge. Dependence upon nonlinearity 
rather than capacity variation with reverse voltage results in high effi- 
ciency at high power levels and considerably less distortion of multi- 
plied amplitude-modulated signals. 

The approximate input and output impedances of the varactors, 
when operated as doublers, triplers (with idler), and quadrupfers (with 
idler), are predicted from the formulas below. These equations are 
based on computer-determined approximations and tables. 1 


Doubler (High Level Drive) 

R sa _£^_ 

C_ 4 f, n 

R 0 ,~^ 

c_ 4 f in 



where: R, n = the input resistance in ohms 

C _4 = varactor capacitance in pF at —6 volts 

f tn = input frequency in GHz 

R out = output resistance in ohms 

C«fi,n = effective input capacitance in pF 

C.ffout — effective output capacitance in pF 

C min = capacitance at voltage breakdown, in pF 


Tripler (High Level Drive) 


R, n ~-^- 

C_ 6 f in 

c„ 

_ C m , n 
,,n w 0.5 

R ~ 20 

c , 

_ C min 

C_ 6 f, n 

'-'of 

fou1 ~ 0.5 

Quadrupler (High Level Drive) 



c_ 6 f, n 

C 

c m ,„ 


, ,n ~ 0.5 

R 20 

ou * c~r n 

c„ 

c m , n 

' ou ’ ~ 0.5 


These formulas show values useful for initial circuit design, but 
they differ from final optimum values in some cases. 

GENERAL DESIGN CONSIDERATIONS 

In the design of varactor harmonic multipliers, lumped circuit 
techniques are useful to the 450-600 MHz range with little perform- 
ance degradation, provided coil and capacitor unloaded "Q” values 
of 200 to 300 are maintained. 

Coaxial, stripline, or helical-coil resonators are recommended for 
higher frequencies. Both cavity and broadband filters can be used. 

'C. B. Burckhardt, “Analysis of Varactor Frequency Multipliers 
for Arbitrary Capacitance Variation and Drive Level", THE BELL 
SYSTEM TECHNICAL JOURNAL, April, 1965, pp 675-692. 


Component values are not critical, but excessive inductance or in- 
sufficient coupling can reduce efficiency, and insufficient inductance 
or excessive coupling can cause poor filtering. Simple experimenta- 
tion with well-constructed, shielded breadboards is generally sufficient 
to optimize the circuit. An adequate tuning range must be provided to 
insure input matching over normal varactor parameter variations. 
Spurious signals between stages should be kept below 30 dB by suit- 
able filter circuits. 

Bias resistors in 500 kohm range give optimum efficiency under 
self bias. For a linear input-power to output-power relationship, a 
lower-value bias resistor should be used (approximately 80 kohms). 
Amplitude-modulated signals can be linearly multiplied with negligible 
distortion at power-input levels to 30 watts. Figure 4 shows the lin- 
earity of the power-output versus power-input relationship without 
circuit retuning. 

For frequency multiplication other than doubling, idler circuits 
should be used for best efficiencies. One-step, high-order frequency 
multiplications are possible because of the step-recovery characteris- 
tics of these varactors. 

VARACTOR MOUNTING 

The 1N5149 and 1N5150 varactors are in the cartridge package 
(designated by the suffix C). This package is well suited for both 
shunt and series-mounted varactor circuits. Figure 6 shows cross- 
sectional views of typical mountings. These mountings combine high 
power-dissipation characteristics with low parasitic impedance. 


FIGURE 6 - SUGGESTED MOUNTINGS 


m 

^ GROUND | 

iUft plane i 

t 

i 

t 

SAW slit 


•tT 4 PLACES 

/ CENTER 

U[ CONDUCTOR^ 


MOUNTING COLLET 



TIN CATHODE END 
OF CARTRIDGE, SOLDER 
IN STUD. (MAXIMUM 
SOLDERING 

TEMPERATURE = 300°C 
FOR 10 SECONDS) 


STUD MOUNT 


r PRONG CLAMP 
(BERYLLIUM Cu SCREW) 
(SPLIT ENDS) 


/ CENTER |U[ CONDUCTOR ^ 
SIDE VIEW 


SAW SLIT 
4 PLACES 


END VIEW 

PRONG CLAMP MOUNT OF 
CLAMPING COLLET 
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IN 5150A (SILICON) 

in5153A 

in5155A 

Silicon high-frequency step-recovery power 
varactor devices optimized for critical multiplier ap- 
plications requiring tight control of junction capaci- 
tance and power dissipation. 


CASE 46 



Anode 


1. Cathode 


1N5155A 



CASE 47 

1N5150A 

1N5153A 


MAXIMUM RATINGS 


Rating 

Symbol 

1 N 5 1 5 0 A 

1N5153A 

1N5155A 

Unit 

Reverse Voltage 

V R 

80 

75 

35 

Vdq 

Forward Current 

J F 

1000 

250 

.200 

mAdc 

RF Power Input 

P in 

40 

15 

7.0 

Watts 

Total Device Dissipation @T^ = 25° C 

P D 

29.2 

11.7 

8. 75 

Watts 

Derate above 25° C 


167 

66.7 

50 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T r T 



1 I . 

J Stg 


C 
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1N5150A, 1N5153A, 1N5155A (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 
I Characteristics Symbol Min 


Reverse Breakdown Voltage 


(I R = 10 M Adc) 


1N5150A 

1N5153A 

1N5155A 

Reverse Current 



(V R = 70 Vdc) 


1N5150A 

(V R = 70 Vdc, T a 

= 150°C) 

1N5150A 

(V R = 60 Vdc) 


1N5153A 

(V = 60 Vdc, T a 

= 150°C) 

1N5153A 

(V R = 26 Vdc) 


1N5155A 

(V n = 26 Vdc, T a 
v R A 

= 150° C) 

1N5155A 


Series Resistance 

(V R =6.0 Vdc, f = self-resonant frequency) 
K 1N5150A 


Series Inductance 


1N5150A 

1N5153A 

1N5155A 

Diode Capacitance 

< C J +C C> 


(V = 6.0 Vdc, f 

= 1.0 MHz) 

1N5150A 

1N5153A 

1N5155A 

Figure of Merit 

(V R = 6.0 Vdc, f 

= 50 MHz) 

1N5150A 

1N5153A 

1N5155A 


















in5153 (SILICON) 



Silicon high-frequency step-recovery power varac- 
tor, designed for high-power, high-frequency harmon- 
ic generation applications. 


MAXIMUM RATINGS (Ta = 25°c unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

75 

Vdc 

Forward Current 

r F 

0.25 

Adc 

RF Power Input 

P i„ 

15 

Watts 

Total Device Dissipation @ = 75° C 

P 0 

5.5 


Derate above 75° C 

45 


Junction Temperature 

T t 


°C 

Storage Temperature 

T stg 

-65 to +200 

°C 


ELECTRICAL CHARACTERISTICS (t a = 25°C unless otherwise noted) 



Condition 






Reverse Breakdown Voltage 

I R = 10 Adc 

bv r 

75 

80 

- 

Vdc 

Reverse Current 

V R = 60 Vdc 

V R = 60 Vdc, T a = 150°C 

>R 

- 

0.5 

1.0 

100 

pAdc 

Series Resistance 

V R = 6 Vdc, f = 50 MHz 

R s 


0.5 

- 

Ohms 

Diode Capacitance 

V R = 6 Vdc, f =1. 0MHz 

V R = 70 Vdc, f =1. 0MHz 

V 

5.0 

5.8 

4.0 

7.5 

pF 

Figure of Merit 

V R = 6 Vdc, f = 50 MHz 

Q 

- J 


- 

- 

Power Output 

DOUBLER TEST CIRCUIT 
(Figure 1) 

P. = 12 W, f. = 1GHz 
m * in 

f = 2 GHz 

out 


6.0 

7.2 

- 


Efficiency 

' 

■ 




u 

Thermal Resistance 



- 

19 


° C/Watt 


* C T = C J + C C 
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1N5153 (continued) 


FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 


1 GHz COAXIAL CAVITY 2 GHz COAXIAL CAVITY 



FIGURE 2 - LINEARITY CHARACTERISTIC WITHOUT RETUNING 
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1N5153 (continued) 

POWER OUTPUT 
versus OUTPUT FREQUENCY 
FIGURE 3A — DOUBLING (X2) 



f eut , OUTPUT FREQUENCY (MHz) 


FIGURE 3B — TRIPLING (XS) 



f out , OUTPUT FREQUENCY (MHz) 


FIGURE 3C - QUADRUPLING (X4) 



tout. OUTPUT FREQUENCY (MHz) 


TYPICAL CHARACTERISTICS at 25°C 


FIGURE 4 -FIGURE OF MERIT 
versus REVERSE VOLTAGE 



FIGURE 5 -VARACTOR CAPACITANCE 



1 o LULLJJ I I I 1 1 .1 LIJ I I I 1 I M INI 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


V Rl REVERSE VOLTAGE (VOLTS) 


FIGURE 6 - DOUBLER EFFICIENCY 
versus CASE TEMPERATURE 












P iB = 12 W 
fin = 1 GHz 
f ou ; = 2 GHz 











20 I 1 1 1 1 

25 50 75 100 125 


T c , CASE TEMPERATURE (°C) 


in5153A 

For Specifications, See 1N5150A Data 
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in5 1 55 (SILICON) 


CASE 46 


cathode 



Silicon high-frequency step-recovery power varac- 
tor, for multiplier applications from 2 to 8.5 GHz with 
2 watts minimum power output guaranteed at 6 GHz . 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

35 

Vdc 

Forward Current 

l F 

200 

mAdc 

RF Power Input 

P in 

7.0 

Watts 

Total Device Dissipation @ T c = 75°C 

P D 

3.5 

Watts 

Derate above 75°C 


30 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to+ 200 

°C 


ELECTRICAL CHARACTERISTICS <t a = 25 °C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

l R " 

10 fjAdc 

bv r 

35 

45 

— 

Vdc 

Reverse Current 

v R = 

26 Vdc 

l R 

— 

— 

1.0 

fjAdc 


V R = 

26 Vdc, T a = 150°C 


— 

— 

100 


Series Resistance 

V R = 

6 Vdc, f = 50 MHz 

R s 

— 

0.9 

— 

Ohms 

Diode Capacitance 

V R = 

6 Vdc, f = 1 MHz 

Crp 

1.0 

2.1 

3.0 

pF 

Figure of Merit 

V R = 

6 Vdc, f = 50 MHz 

Q 

— 

1700 

— 

— 

Thermal Resistance 


e JC 

— 

— 

35 

°c/w 

FUNCTIONAL TEST 

RF Power Output 

Test Circuit Figure 5 

P out 

2.0 

— 

... 

Watts 

TripUng Efficiency 

Mn 
*out = 

6 GHz 

*1 

40 

— 


% 
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POWER OUTPUT (WATTS) P^, POWER OUTPUT (WATTS) P out , POWER OUTPUT (WATTS) 


1N5155 (continued) 


POWER OUTPUT 
versus OUTPUT FREQUENCY 


TYPICAL CHARACTERISTICS 
T c = 25°C 


FIGURE 2 - VARACTOR CAPACITANCE 

FIGURE 1A - DOUBLING (X2) versus REVERSE VOLTAGE 



4 5 6 7 

8 

9 

10 

1 2 

3 4 5 7 10 

t , OUTPUT FREQUENCY (GHz) 





V R , REVERSE VOLTAGE (Vdc) 


FIGURE 3 - TRIPLER POWER OUTPUT 
versus TEMPERATURE 

FIGURE 1 B - TRIPLING <X3) 2 GHz to 6 GHz 



0 1 2 3 4 5 6 7 8 9 10 - 80 - 40 -20 0 +20 +40 +60 +80 +100 +120 +140 

f out , OUTPUT FREQUENCY (GHz) T c , CASE TEMPERATURE (°C) 


FIGURE 4 -TRIPLER 

FIGURE 1 C - QUADRUPLING (X4) LINEARITY CHARACTERISTIC 



4 5 6 7 

8 

9 

10 

0 0.5 : 

l 1.5 2 2.5 3 

U, OUTPUT FREQUENCY (GHz) 





P i(l , POWER INPUT (WATTS) 
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1N5155 (continued) 


FIGURE 5 - HARMONIC TRIPLER - 2 GHz to 6 GHz 


INPUT CAVITY 


OUTPUT CAVITY 


INPUT — » 


TUNED 
. COUPLING 
LOOP 


TUNER 


(3 


r 

5 g - 


DIRECT 

INPUT 

TAP 


I I 


• JOHANSON 
JMC4640 


IDLER 



VARACTOR 


1N5155 


* 


FIGURE 6 - HARMONIC OCTUPLER - 51 0 MHz to 4080 MHz 



0.01 0.05 0.1 0.5 1.0 5.0 10 

P i(> , POWER INPUT (WATTS) 


OUTPUT CAVITIES 



in5155A 


For Specifications, See 1N5150A Data 


OUTPUT 
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in 5158 thru in 5160 
iN5779thr„ in5793 


PNPN 4-LAYER DIODES 

. . . two terminal, fast-switching devices specifically designed for low 
voltage applications such as logic circuits, pulse generators, memory 
and relay drivers, relay replacements, alarm circuits, multivibrators, 
ring counters, and telephone switching circuits. These devices feature: 

• Low Breakover (Switching) Voltage — 10 to 15-Volt Ratings 

• Fast Switching Speeds — t Q n = 75 ns (Typ) 

t 0 ff = 250 ns (Typ) 

• Low Junction Capacitance — 45 pF (Typ) 

• Low Breakover Currents 

• Subminiature Glass Package 


MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted) 


‘Indicates JEDEC Registered Data. 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 


50 75 100 

TA, AMBIENT TEMPERATURE (°C) 


Rating 

Symbol 

Value 

Unit 

* Reverse Voltage 1 N51 58, 1 N5782, 1 N5788 

V RM 

10 

Volts 

1N5159, 1N5783, 1 N5789 


11 


1N5160, 1N5784, 1 N5790 


12 


1N5779, 1N5785, 1N5791 


13 


1N5780, 1N5786, 1N5792 


14 


1N5781, 1N5787, 1N5793 


15 


‘Continuous Forward Current 

'F 

150 

mA 

‘Steady State Power Dissipation @T^ = 50°C 

Pd 

150 

mW 

Derate above 50°C 


1.5 

mW/°C 

‘Peak Pulse Current 

1 pulse 


Amps 

(50 ms maximum pulse width) 

10 


‘Operating Junction Temperature Range 

Tj 

-65 to +150 

°C 

Storage Temperature Range 

T stg 

-65 to +175 

°C 



EPITAXIAL 
4-LAYER DIODES 

10-15 VOLTS 
150 mW 



0 


CATHODE 

BAND 


u 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.84 

7.62 

0.230 

0.300 

B 

2.16 

2.72 

0.085 

0.107 

D 

0.46 

0.56 

0.018 

0.022 

F 


1.27 

- 

0.050 

K 

25.40 

- 

1.000 

- 


All JEDEC dimensions and notes apply 


CASE 51-02 
DO-7 
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1N5158 thru 1N5160, 1N5779 thru 1N5793 (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Forward Switching Voltage 

1N5158, 1N5782, 1N5788 

Vs 

8.0 

_ 

10 

Volts 


1N5159, 1N5783, 1N5789 


9.0 

- 

11 



1N5160, 1N5784, 1N5790 


10 

_ 

12 



1N5779, 1N5785, 1N5791 


11 

- 

13 



1N5780, 1N5786, 1N5792 


12 

- 

14 



IN 5781 , 1N5787, 1N5793 


13 

- 

15 


•Forward Switching Current 

1N5158 thru 1N5160, 1N5779 

•s 

_ 

5.0 

50 

mA 


thru 1N5781 







1N5782 thru 1N5793 


- 

10 

100 


•Forward Off -State Current 


•fm 

_ 

1.0 

5.0 

mA 

( Vp = 0.75 x V s ) 







•Reverse Current 


*RM 

- 

2.0 

10 

mA 

(Vr = V RM ) 







•Holding Current 

1N5158 thru 1N5160, 1N5779 

'H 

1.0 

4.0 

20 

mA 


thru 1N5781 







1N5782 thru 1N5787 


10 

- 

50 



1N5788 thru 1N5793 


0.1 

- 

2.0 


•Forward On Voltage 


v F 

- 

1.0 

1.5 

Volts 

(Ip = 150 mAdc) 







•Critical Rate of Rise of Applied Forward Voltage 1 

dv/dt 




V/jus 

(Vs = 6.0 Vdc) 

1N5158, 1N5782, 1N5788 


- 

- 

0.1 


(V S =6.75 Vdc) 

1N5159, 1N5783, 1N5789 


- 

- 

0 1 


(V S = 7.5 Vdc) 

1N5160, 1N5784, 1N5790 


- 

- 

0.1 


(V S = 8.25 Vdc) 

1N5779, 1N5785, 1N5791 


- 

- 

0.1 


(V S = 9.0 Vdc) 

1N5780, 1N5786, 1N5792 


- 

- 

0.1 


(V S = 9.75 Vdc) 

1N5781, 1N5787, 1N5793 


- 

- 

0.1 


Junction Capacitance 


Cj 

- 

45 

- 

pF 

(AC Voltage = 10 mV, Vp 

= 0, f = 100 kHz) 














Is, FORWARD BREAKOVER CURRENT Vs, FORWARD BREAKOVER VOLTAGE I INSTANTANEOUS FORWARD CURRENT (AMPS) 
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1N5158 thru 1N5160, 1N5779 thru 1N5793 (continued) 


FIGURE 4 - TYPICAL FORWARD 
CONDUCTION CHARACTERISTICS 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 



1.0 2.0 3.0 5.0 7.0 10 


Vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


Vf, FORWARD VOLTAGE (VOLTS) 


TYPICAL DC CHARACTERISTICS versus TEMPERATURE 

(NORMALIZED to 25°C VALUE) 


FIGURE 6 - FORWARD BREAKOVER VOLTAGE 


FIGURE 7 - REVERSE BLOCKING VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 150 

Ta, AMBIENT TEMPERATURE (°C) 



-75 -50 -25 0 25 50 75 100 12 5 150 

Ta, AMBIENT TEMPERATURE (°C) 



-75 -50 -25 0 25 50 75 100 125 150 

Ta, AMBIENT TEMPERATURE (°C) 



-75 -50 -25 0 25 50 75 100 125 150 

Ta, AMBIENT TEMPERATURE (°C) 
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1N5158thru 1N5160, 1N5779thru 1N5793 (continued) 


4-LAYER DIODE SYMBOLS AND DEFINITIONS 



dv/dt FORWARD VOLTAGE APPLICATION RATE (V// us) - 
The rate of rise of forward voltage. 

I S FORWARD BREAKOVER (SWITCHING) CURRENT - 

The value of anode current at the instant the device 
switches from the blocking to the "on" state, specified at 
a particular junction temperature. 

Ip FORWARD CURRENT — The continuous or DC value of 

forward current during the "on" state. 

I FM PEAK FORWARD BLOCKING CURRENT - The peak 
anode current when the 4-layer diode is in the "off" state 
for a stated anode-to-cathode voltage and junction temper- 
ture. 

I PI HOLDING CURRENT — That value of forward anode 

current below which the 4-layer diode switches from the 
conducting state to the forward blocking condition. 

■pulse PEAK PULSE CURRENT — The peak repetitive current 
that can flow through the device for the time duration 
stated. 

I RM PEAK REVERSE BLOCKING CURRENT - The peak 
current when the 4-layer diode is in the reverse blocking 
state for a stated anode-to-cathode voltage and junction 
temperature. 

Pp STEADY-STATE POWER DISSIPATION 


T a AMBIENT TEMPERATURE 

Tj JUNCTION TEMPERATURE 

Tstg STORAGE TEMPERATURE 

t on TURN-ON TIME — The time interval between the 90% 

point (90% of forward blocking voltage) and the point 
10% above the "on" voltage under stated conditions. 
t off TURN-OFF TIME — The time interval required for the 
device to regain control of its forward blocking character- 
istic after interruption of forward anode current. 

V s FORWARD BREAKOVER (SWITCHING) VOLTAGE - 

The positive anode voltage with respect to cathode re- 
quired to switch the device from the high impedance 
blocking state to the low impedance "on" state, specified 
at a particular junction temperature. 

V F FORWARD VOLTAGE — The forward voltage across the 

device in the "on" state under stated conditions of current 
and temperature. 

V FB FORWARD BLOCKING VOLTAGE — The anode-to-cath- 
ode voltage when the 4-layer diode is in the "off" state. 
V RM PEAK REVERSE VOLTAGE — The maximum allowable 
instantaneous value of reverse voltage (repetitive or contin- 
uous DC) which can be applied to the device at a stated 
temperature without damage to the device. 


MECHANICAL CHARACTERISTICS 

CASE: Hermetically sealed all glass case 
DIMENSIONS: JEDEC DO-7 Outline 

FINISH: All external surfaces are corrosion resistant with readily solderable leads. 
POLARITY: Cathode end indicated by color band. 

WEIGHT: 0.2 grams (approx.) 

MOUNTING POSITION: Any 
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P D , MAXIMUM POWER DISSIPATION (WATTS) 


1N5221 (SILICON) 

thru 

in5281 


500 MILLIWATT SURMETiC 20 SILICON ZENER DIODES 
(SILICON OXIDE PASSIVATED) 

. . .in answer to the Circuit Design and Component Engineers' many requests — 
A complete new series of Zener Diodes in the popular DO-204AA case with 
higher ratings, tighter limits, better operating characteristics and a full set of 
designers' curves that reflect the superior capabilities of silicon-oxide-passivated 
junctions. All this in an axial-lead, transfer-molded plastic package offering pro- 
tection in all common environmental conditions. 

• Proven Capability to MIL-S-19500 Specifications 

• 10 Watt Surge Rating 

• Weldable Leads 

• Maximum Limits Guaranteed on Six Electrical Parameters 


.5M2.4ZS10 thru .5M200ZS10 
1N5221A thru 1N5281A 

L5M2.4ZS5 thru .5M200ZS5I 
( 1 N5221 B thru 1 N5281 B J 


500 MILLIWATT 
ZENER REGULATOR 
DIODES 

2.4 - 200 VOLTS 


MAXIMUM RATINGS 

Junction and Storage Temperature: —65 to +200°C 

Lead Temperature not less than 1/16" from the case for 10 seconds: 230°C 

DC Power Dissipation: 500 mW @ T L = 75 °C, Lead Length = %" 

(Derate 4.0mW/ # C above 75 °C) 

Surge Power: 10 Watts (Non recurrent square wave @ PW = 8.3 ms, Tj = 5 
Figure 16) 


MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded, thermosetting plastic. 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable 
and weldable. 

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 
will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.18 gram (approximately). 



FIGURE 1 - 

POWER-TEMPERATURE DERATING CURVE 
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1N5221 thru 1N5281 series (continued) 


ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) . Based on dc measurements at thermal equilibrium; 
lead length — 3 / 8 "; thermal resistance of heat sink — 30°C/W) V F — 1.1 Max @ l F — 200 mA for all types. 


JEDEC 

Type No. 
(Note 1) 

Nominal 

Zener Voltage 

v z <a i 2T 

Volts 
(Note 2) 

Test 

Current 

«ZT 

mA 

Max Zener Impedance 

A & B Suffix Only 

Max Reverse Leakage Current 

Max Zener Voltage 
Temp. Coeff. 

(A & B Suffix Only) 

% z (%/°C) 

(Note 3) 

A & B Suffix Only 

Non-Suffix 

z ZT @ l ZT 

Ohms 

Z ZK @ I zk = 0.25 mA 
Ohms 

>R 

M A 

>“1 

@ 

l R @ V R Used 
For Suffix A 
yuA 


A 

B 

1N5221 

2.4 

20 

30 

1200 

100 

0.95 

1 0 

200 

-0 085 

1N5222 

2.5 

20 

30 

1250 

100 

0.95 

1.0 

200 

-0 085 

1N5223 

2.7 

20 

30 

1300 

75 

0.95 

1.0 

150 

-0 080 

1N5224 

2.8 

20 

30 

1400 

75 

0. 95 

1.0 

150 

-0.080 

1N5225 

3.0 

20 

29 

1600 

50 

0.95 

1.0 

100 

-0 075 

1N5226 

3.3 

20 

28 

1600 

25 

0.95 

1.0 

100 

-0.070 

1N5227 

3.6 

20 

24 

1700 

15 

0.95 

1.0 

100 

-0. 065 

1N5228 

3.9 

20 

23 

1900 

10 

0.95 

1.0 

75 

-0.060 

1N5229 

4.3 

20 

22 

2000 

5.0 

0.95 

1.0 

50 

tO. 055 

1N5230 

4.7 

20 

19 

1900 

5.0 

1.9 

2.0 

50 

r0. 030 

1N5231 

5. 1 

20 

17 

1600 

5.0 

1.9 

2.0 

50 

i0. 030 

1N5232 

5.6 

20 

11 

1600 

5.0 

2.9 

3.0 

50 

+0. 038 

1N5233 

6.0 

20 

7.0 

1600 

5.0 

3.3 

3.5 

50 

+0. 038 

1N5234 

6.2 

20 

7.0 

1000 

5.0 

3.8 

4.0 

50 

+0. 045 

1N5235 

6.8 

20 

5.0 

750 

3.0 

4.8 

5.0 

30 

+0. 050 

1N5236 

7.5 

20 

6.0 

500 

3.0 

5.7 

6.0 

30 

+0. 058 

1N5237 

8.2 

20 

8.0 

500 

3.0 

6.2 

6.5 

30 

+0. 062 

1N5238 

8.7 

20 

8.0 

600 

3.0 

6.2 

6. 5 

30 

+0.065 

1N5239 

9. 1 

20 

10 

600 

3.0 

6.7 

7.0 

30 

+0. 068 

1N5240 

10 

20 

17 

600 

3.0 

7.6 

8.0 

30 

+0.075 

1N5241 

11 

20 

22 

600 

2.0 

8.0 

8.4 

30 

+0 076 

1N5242 

12 

20 

30 

600 

1.0 

8.7 

9. 1 

10 

+0 077 

1N5243 

13 

9.5 

13 

600 

0.5 

9.4 

9.9 

10 

+0. 079 

1N5244 

14 

9.0 

15 

600 

0.1 

9. 5 

10 

10 

+0.082 

1N5245 

15 

8.5 

16 

600 

0 . 1 

10. 5 

11 

10 

+0 082 

1N5246 

16 

7.8 

17 

600 

0 . 1 

11.4 

12 

10 

+0 083 

1N5247 

17 

7.4 

19 

600 

0 . 1 

12. 4 

13 

10 

+0. 084 

1N5248 

18 

7.0 

21 

600 

0 . 1 

13.3 

14 

10 

+0.085 

1N5249 

19 

6.6 

23 

600 

0 . 1 

1-3.3 

14 

10 

+0. 086 

1N5250 

20 

6.2 

25 

600 

0 . 1 

14. 3 

15 

10 

+0. 086 

1N5251 

22 

5.6 

29 

600 

0 . 1 

16.2 

17 

10 

+0.087 

1N5252 

24 

5.2 

33 

600 

0 . 1 

17. 1 

18 

10 

+0. 088 

1N5253 

25 

5.0 

35 

600 

0. 1 

18. 1 

19 

10 

+0. 089 

1N5254 

27 

4.6 

41 

600 

0 . 1 

20 

21 

10 

+0. 090 

1N5255 

28 

4. 5 

44 

600 

0.1 

20 

21 

10 

+0.091 

1N5256 

30 

4.2 

49 

600 

0 . 1 

22 

23 

10 

+0.091 

1N5257 

33 

3.8 

58 

700 

0. 1 

24 

25 

10 

+0. 092 

1N5258 

36 

3.4 

70 

700 

0 . 1 

26 

27 

10 

+0. 093 

1N5259 

39 

3.2 

80 

800 

0 . 1 

29 

30 

10 

+0. 094 

1N5260 

43 

3.0 

93 

900 

0 . 1 

31 

33 

10 

+0. 095 

1N5261 

47 

2.7 

105 

1000 

0. 1 

34 

36 

10 

+0.095 

1N5262 

51 

2.5 

125 

1100 

0. 1 

37 

39 

10 

+0. 096 

1N5263 

56 

2.2 

150 

1300 

0 . 1 

41 

43 

10 

+0. 096 

1N5264 

60 

2. 1 

170 

1400 

0 . 1 

44 

46 

10 

+0. 097 

1N5265 

62 

2.0 

185 

1400 

0 . 1 

45 

47 

10 

+0. 097 

1N5266 

68 

1.8 

230 

1600 

0 . 1 

49 

52 

10 

+0. 097 

1N5267 

75 

1.7 

270 

1700 

0 . 1 

53 

56 

10 

+0. 098 

1N5268 

82 

1. 5 

330 

2000 

0 . 1 

59 

62 

10 

+0. 098 

1N5269 

87 

1. 4 

370 

2200 

0 . 1 

65 

68 

10 

+0. 099 

1N5270 

91 

1. 4 

400 

2300 

0 . 1 

66 

69 

10 

+0. 099 

1N5271 

100 

1.3 

500 

2600 

0 . 1 

72 

76 

. 10 

+0. 110 

1N5272 

no 

1 . 1 

750 

3000 

0 . 1 

80 

84 

10 

+0. 110 

1N5273 

120 

1.0 

900 

4000 

0 . 1 

86 

91 

10 

+o. no 

1N5274 

130 

0.95 

1100 

4500 

0. 1 

94 

99 

10 

+0.110 

1N5275 

140 

0.90 

1300 

4500 

0 . 1 

101 

106 

10 

+o. no 

1N5276 

150 

0.85 

1500 

5000 

0.1 

108 

114 

10 

+o. no 

1N5277 

160 

0.80 

1700 

5500 

0. 1 

116 

122 

10 

+o. no 

1N5278 

170 

0.74 

1900 

5500 

0. 1 

123 

129 

10 

+o. no 

1N5279 

180 

0.68 

2200 

6000 

0.1 

130 

137 

10 

+o. no 

1N5280 

190 

0. 66 

2400 

6500 

0. 1 

137 

144 

10 

+o. no 

1N5281 

200 

0.65 

2500 

7000 

0.1 

144 

152 

10 

+o. no 


NOTE 1- TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance designation — The JEDEC type numbers shown indicate a 
tolerance of ±10% with guaranteed limits on only V z , l R and V F as 
shown in the above table. Units with guaranteed limits on all six 
parameters are indicated by suffix “A” for ±10% tolerance and suffix 
“B” for ±5.0% units. 

Non-Standard voltage designation — To designate units with zener 
voltages other than those assigned JEDEC numbers, the type 
number should be used. 


2 — Matched sets: (Standard Tolerances are ±5.0%, ±3.0%, 
±2.0%, ±1.0%) depending on voltage per device. 

a. Two or more units for series connection with specified 
tolerance on total voltage. Series matched sets make zener 
voltages in excess of 200 volts possible as well as providing 
lower temperature coefficients, lower dynamic impedance 
and greater power handling ability. 

b. Two or more units matched to one another with any spec- 
ified tolerance. 


Manufacturer — 

Nominal Voltage - 


Z S 5 



| ■ Surmetic 

'—Zener Diodes 


NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 

1 — Nominal zener voltages between those shown. 


3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 


NOTE 3 - TEMPERATURE COEFFICIENT (0 VZ ) 

Test conditions for temperature coefficient are as follows: 

a. I ZT — 7.5 mA, T, = 25°C, 

Tj - 125°C (1N5221A, B thru 1N5242A, B.) 

b. I ZT — Rated l ZT , T x — 25°C, 

T 2 - 125°C (1N5243A, B thru 1N5281A, B.) 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 
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1N5221 thru 1N5281 series (continued) 


TYPICAL REVERSE CHARACTERISTICS FOR SELECTED ZENER DIODES 

Curves marked T A were obtained from dc measurements at thermal equilibrium; lead length = thermal resistance of heat sink — 30°C/W 
Curves marked Tj were obtained from pulse tests; mounting conditions are not a factor 

Vz(Nominal) = 3.3 VoltS 


m GM 




V//A 


V z , ZENER VOLTAGE (VOLTS) 


V R , REVERSE VOLTAGE (VOLTS) 

^ZfNomina 

,, = 5.1 Volts 


FIGURE 4 

100 

50 

FIGURES 


WJ& s 


metki 




V Z) ZENER VOLTAGE (VOLTS) 


Vr, REVERSE VOLTAGE (VOLTS) 


VziNominal) ~ 27 VoltS 



Ml 


LMili 


V z , ZENER VOLTAGE (VOLTS) 


V R , REVERSE VOLTAGE (VOLTS) 









Z z , DYNAMIC IMPEDANCE (OHMS) 0vz. TEMPERATURE COEFFICIENT (mV/°C) Ovz, TEMPERATURE COEFFICENT (mV/°C) 


1N5221 thru 1N5281 series (continued) 


TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION 

(90% of the units are in the ranges indicated) 

FIGURE 8-RANGE FOR UNITS TO 12 VOLTS FIGURE 9-RANGE FOR UNITS 12 TO 200 VOLTS 





2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 


FIGURE 11 -VOLTAGE REGULATION 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 


V Zt ZENER VOLTAGE (VOLTS) 


V Z( ZENER VOLTAGE AT l ZT (VOLTS) 


I 


TYPICAL ZENER IMPEDANCE 


FIGURE 12 -EFFECT OF ZENER CURRENT 
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l z , ZENER TEST CURRENT (mA) 


V z , ZENER VOLTAGE AT l z (VOLTS) 




1N5221 thru 1N5281 Series (continued) 


FIGURE 14 — TYPICAL THERMAL RESPONSE 



FIGURE 15-TYPICAL THERMAL RESISTANCE 



FIGURE 16 - MAXIMUM NOISI-REPETITIVE 


SURGE POWER - Note 4 



APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction temp- 
erature under any set of operating conditions, in order to calculate its 
value. The following procedure is recommended: 

Lead Temperature, Tl, should be determined from: 

Tl = #la Pd +'T a 

0la is the lead-to-ambient thermal resistance and Pd is the 
power dissipation. 0 la is generally 30-40°C/W for the vari- 
ous clips and tie points in common use and for printed 
circuit board wiring. 

Junction Temperature, Tj, may be found from: 

Tj = Tl + ATjl 

ATjl is the increase in junction temperature above the lead 
temperature and may be found from Figure 14 for a train of 
power pulses or from Figure 15 for dc power. 

For worst-case design, using expected limits of lz, limits of Pd and 
the extremes of Tj(ATj)maybe estimated. Changes in voltage, Vz, can 
then be found from: 

AV = tfvzATj 

(9vz, the zener voltage temperature coefficient, is found from 
Figures 8, 9, and 10. 

Under high power-pulse operation, the zener voltage will 
vary with time and may also be affected significantly by the 
zener resistance. For best regulation, use short leads, espe- 
cially to the cathode, and keep current excursions as low as 
possible. 

Data of Figure 14 should not be used to compute surge capa- 
bility. Surge limitations are given in Figure 16. They are lower than 
would be expected by considering only junction temperature, as cur- 
rent crowding, effects cause temperatures to be extremely high in 
small spots resulting in device degradation should the limits of Figure 
16 be exceeded. 


Note 4. 

This curve is directly readable when applied to devices 
with nominal voltages in the 11 to 200 Volt range. For 
devices with nominal voltages in the 2.4 to 10 Volt 
range, multiply the appropriate peak surge power read- 
ing by 0.4. 
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NOISE DENSITY ( M V/ /§W) C, CAPACITANCE (pR 








IN 5283 thru 1N5314 



Field-effect current regulator diodes are circuit elements that 
provide a current essentially independent of voltage. These diodes 
are especially designed for maximum impedance over the operating 
range. These devices may be used in parallel to obtain higher 
currents. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Operating Voltage 

(T t = -55° C to +200° C) 

J 

POV 

100 

Volts 

Steady State Power Dissipation 
@T l = 75°C 

P D 

600 

mW 

Derate above = 75° C 


4.8 

mW/°C 

Lead Length = 3/8” 

(Forward or Reverse Bias) 




Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-55 to +200 

°c 
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1N5283 thru 1N5314 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25*C unless otherwise noted) 



Regulator Current 
l p (mA)@V T = 25 V 

Minimum 
Dynamic 
Impedance 
@V T = 25 V 

Z T (Ma) 

Minimum 

Knee 

Impedance 
@V K = 6.0 V 

Z K (M q ) 

Maximum 

Limiting 

Voltage 

@I L = 0.8 l p (min) 

V L (Volts) 

Type No. 

nom 

min 

max 

1 N 5283 

0.22 

0.198 

0 . 242 

25.0 

2 . 75 

1.00 

1 N 5284 

0.24 

0 . 216 

0 . 264 

19.0 

2 . 35 

1.00 

1 N 5285 

0.27 

0 . 243 

0 . 297 

14.0 

1 . 95 

1.00 

1 N 5286 

0.30 

0.270 

0 . 330 

9.0 

1.60 

1.00 

1 N 5287 

0.33 

0.297 

0 . 363 

6.6 

1.35 

1.00 

1 N 5288 

0.39 

0 . 351 

0 . 429 

4 . 10 

1.00 

1.05 

1 N 5289 

0 . 43 

0 . 387 

0.473 

3.30 

0 . 870 

1.05 

1 N 5290 

0.47 

0.423 

0 . 517 

2 . 70 

0 . 750 

1.05 

1 N 5291 

0 . 56 

0 . 504 

0 . 616 

1.90 

0 . 560 

1. 10 

1 N 5292 

0 . 62 

0 . 558 

0 . 682 

1 . 55 

0 . 470 

1. 13 

1 N 5293 

0.68 

0.612 

0.748 

1.35 

0 . 400 

1.15 

1 N 5294 

0 . 75 

0.675 

0 . 825 

1 . 15 

0 . 335 

1.20 

1 N 5295 

0.82 

0 . 738 

0.902 

1.00 

0 . 290 

1.25 

1 N 5296 

0.91 

0.819 

1.001 

0 . 880 

0 . 240 

1.29 

1 N 5297 

1.00 

0.900 

1. 100 

0 . 800 

0 . 205 

1 . 35 

1 N 5298 

1 . 10 

0.990 

1 . 210 

0 . 700 

0 . 180 

1.40 

1 N 5299 

1 . 20 

1.08 

1.32 

0 . 640 

0 . 155 

1.45 

1 N 5300 

1.30 

1. 17 

1.43 

0 . 580 

0 . 135 

1 . 50 

1 N 5301 

1 . 40 

1.26 

1 . 54 

0 . 540 

0 . 115 

1 . 55 

1 N 5302 

1 . 50 

1 . 35 

1.65 

0.510 

0 . 105 

1.60 

1 N 5303 

1.60 

1.44 

1.76 

0 . 475 

0 . 092 

1.65 

1 N 5304 

1.80 

1.62 

1.98 

0.420 

0 . 074 

1.75 

1 N 5305 

2.00 

1.80 

2.20 

0 . 395 

0.061 

1.85 

1 N 5306 

2.20 

1.98 

2.42 

0.370 

0 . 052 

1.95 

1 N 5307 

2 . 40 

2 . 16 

2.64 

0 . 345 

0.044 

2.00 

1 N 5308 

2 . 70 

2.43 

2.07 

0.320 

0 . 035 

2 . 15 

1 N 5309 

3.00 

2 . 70 

3.30 

0 . 300 

0 . 029 

2.25 

1 N 5310 

3 . 30 

2 . 97 

3.63 

0.280 

0 . 024 

2.35 

1 N 5311 

3.60 

3.24 

3.96 

0.265 

0 . 020 

2.50 

1 N 5312 

3.90 

3.51 

4 . 29 

0.255 

0 . 017 

2.60 

1 N 5313 

4.30 

3.87 

4.73 

0.245 

0.014 

2 . 75 

1 N 5314 

4 . 70 

4 . 23 

5.17 

0.235 

0.012 

2.90 
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| 0l FORWARD DIODE CURRENT (mA) Ojl. JUNCTION-TO-LEAD THERMAL RESISTANCE (°C/W) l D , DIODE CURRENT (mA) 


1 N 5283 thru 1 N 5314 (continued) 


FIGURE 1 - TYPICAL CURRENT REGULATOR CHARACTERISTICS 


SYMBOLS AND DEFINITIONS 
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Id — Diode Current. 

It — Limiting Current: 80% of Ip minimum used to determine Limiting 
voltage, V L . 

Ip — Pmch-off Current: Regulator current at specified Test Voltage, Vj. 
POV — Peak Operating Voltage- Maximum voltage to be applied to device. 

6 \ — Current Temperature Coefficient 
Vak — Anode-to-cathode Voltage 

V« — Knee Impedance Test Voltage: Specified voltage used to establish 
Knee Impedance, Z«. 

Vl — Limiting Voltage: Measured at l L . Vl, together with Knee AC Im- 
pedance, Z K , indicates the Knee characteristics of the device. 

Vj — Test Voltage: Voltage at which Ip and Zy are specified. 

Zk — Knee AC Impedance at Test Voltage To test for Z K , a 90 Hz signal 
v K with RMS value equal to 10% of test voltage, V«, is superimposed 
on V«: 

Zk = Vk/ir 

where i K is the resultant ac current due to v« 

To provide the most constant current from the diode, Z< should be 
as high as possible, therefore, a minimum value of Zk is specified. 

Z T — AC Impedance at Test Voltage: Specified as a minimum value. To 
test for Zt, a 90 Hz signal with RMS value equal to 10% of Test 
Voltage, V T , is superimposed on V T . 


FIGURE 2 - TYPICAL THERMAL RESISTANCE 



APPLICATION NOTE 

As the current available from the diode is temperature dependent, it is 
necessary to determine junction temperature, Tj, under specific operating 
conditions to calculate the value of the diode current. The following 
procedure is recommended: 

Lead Temperature, T L , shall be determined from: 

Tl = #la Pd + >T a 

where #la is lead-to-ambient thermal resistance 

and Pd is power dissipation. 

0la is generally 30-40°C/W for the various clips and tie points in 

common use, and for printed circuit-board wiring. 

Junction Temperature, Tj, shall be calculated from: 

Tj = T L + #jl Pd 

where 0j L is taken from Figure 2. 

For circuit design limits of Vak. limits of Pd may be estimated and 
extremes of Tj may be computed. Using the information on Figures 4 and 
5, changes in current may be found. To improve current regulation, keep 
V A k low to reduce Pq and keep the leads, short, especially the cathode lead, 
to reduce 6 m - 


FIGURE 3 - TYPICAL FORWARD CHARACTERISTICS 



1-28 




1 N 5283 thru 1 N 5314 (continued) 


FIGURE 4 - TEMPERATURE COEFFICIENT 


_ Tj= 4-25°C to +150°C 
V A k = 25 V 

Alp = ITTn I? (nom I ATj (°C) 


0 7 0 8 0.9 1.0 

Ip, NOMINAL PINCH-OFF CURRENT (mA) 


FIGURE 5 - TEMPERATURE COEFFICIENT 


Ti = -55°C to +25°C 


0.7 0.8 0.9 1.0 

Ip, NOMINAL PINCH-OFF CURRENT (mA) 


FIGURE 6 -CURRENT REGULATION FACTOR 


_ AV ak =-- 40 V, V AK VARIED FROM 10 V to 50 V 

[ 




- - - . 

Alp - Ip @ 50 V — l P @ 10 V 

— Vo" 1 FAD 1 FNGTH ft. . — 'in°r'/\A/ 






/l LunL/ LLIlU 1 fl, f7L^ — JU W M 

1 1 1 L 






l 0.3 0.4 0.5 0 

90% of the units will be in the ranges shown. 
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in5333 (SILICON) 

thru 

in5388 


5.0 WATT SURMETIC 40 SILICON ZENER DIODES 
(SILICON OXIDE PASSIVATED) 

... a complete new series of 5.0 Watt Zener Diodes with tight limits 
and better operating characteristics that reflect the superior capabil- 
ities of silicon-oxide-passivated junctions. All this in an axial-lead, 
transfer-molded plastic package offering protection in all common en- 
vironmental conditions. 

• Up to 180 Watt Surge Rating @ 8.3 ms 

• Maximum Limits Guaranteed on Seven Electrical Parameters 


MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to +200°C 

Lead Temperature not less than 1/16" from the case for 10 seconds: 230°C 
DC Power Dissipation: 5.0 W @ Tl = 75°C, Lead Length = 3/8" 

(Derate 40 mW/°C above 75°C) 


MECHANICAL CHARACTERISTICS 

CASE: Void-free, transfer-molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable 

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 
will be positive with respect to anode. 

MOUNTING POSITION: Any 
WEIGHT: 0.7 gram (approx) 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



0 20 40 60 80 100 120 140 160 180 200 

Tl, LEAD TEMPERATURE (°C) 


/ 5M3.3ZS10 thru 5M200ZS10 \ 
\ 1 N 5333 A thru 1 N5388A / 

/ 5M3.3ZS5 thru 5M200ZS5 \ 

\ 1N5333B thru 1N5388B ) 


5.0 WATT 

ZENER REGULATOR DIODES 
3.3 - 200 VOLTS 




DIM 

MILLIMETERS 

■m»nn9H 

MIN 

MAX 

HI.MI/i 

WMiVM 

A 

8.38 

8.89 


HS5I 

B 

3.30 

3.68 

warn 

lilTEM 

D 

0.94 

1.09 

WtfflM 

■iHilIc* 

F 

_ 

1.27 

- 

KiMil 

K 

25.40 

31.75 

urn 



CASE 17 
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1N5333 thru 1N5388 (continued) 


\ 


ELECTRICAL CHARACTERISTICS (T A - 25°C unless otherw.se noted) V F = *• 2 Max ^I p = 1 . 0 A for all types 


JEDEC 
Type No. 
(Note 1 & 2) 

Nominal 
Zener Voltage 

v z @ l ZT 

Volts 
(Note 3) 

Test 

Current 

'ZT 

mA 

Max Zener Impedance 

A & B Suffix Only 

Max Reverse Leakage 
Current 

Applies 
to all 
Suffix 

A & B 
Suffix 
Only 

Maximum 

Regulator 

Current 

mA 

Z zt ® *zt 
Ohms 
(Note 3) 

Z ZK® *ZK ^® m A 

Ohms 
(Note 3) 

' R 

,iA 

@ 

V * 

Volts 

Max 

Surge 

Current 

i f ,Amps 

Max 

Voltage 

Regulation 

A ^.VoltS 


Non & A 
Suffix 

B Suffix 

(Note 4) 

(Note 5) 

(Note 6) 

1N5333 

3.3 N 

380 

3.0 

400 

300 

1.0 

1.0 

20.0 

0. 85 

1440 

1N5334 

3. 6 ) 

350 

2.5 

500 

150 

1.0 

1.0 

18.7 

0. 80 

1320 

1N5335 

3.9< 

320 

2.0 

500 

50 

1.0 

1.0 

17.6 

0. 54 

1220 

1N5336 

4.3% 

290 

2.0 

500 

10 

1.0 

1.0 

16.4 

0.49 

1100 

1N5337 

4.7-' 

260 

2.0 

450 

5.0 

1.0 

1.0 

15. 3 

0. 44 

1010 

1N5338 

5. 1 / 

240 

1.5 

400 

1. 0 

1.0 

1.0 

14.4 

0.39 

930 

1N5339 

5.6/ 

220 

1. 0 

400 

1.0 

2.0 

2.0 

13.4 

0.25 

865 

1N5340 

6.0 

200 

1.0 

300 

1.0 

3.0 

3.0 

12.7 

0. 19 

790 

1N5341 

6. 2 

200 

1.0 

200 

1.0 

3.0 

3.0 

12.4 

0. 10 

765 

1N5342 

6. 8 

175 

1.0 

200 

10 

4.9 

5. 2 

11.5 

0.15 

700 

1N5343 

7.5 

175 

1. 5 

200 

10 

5.4 

5.7 

10.7 

0. 15 

630 

1N5344 

8.2 

150 

1. 5 

200 

10 

5.9 

6.2 

10.0 

0.20 

580 

1N5345 

8. 7 

150 

2.0 

200 

10 

6.3 

6. 6 

9. 5 

0.20 

545 

1N5346 

9. 1 

150 

2. 0 

150 

7.5 

6.6 

6.9 

9.2 

0.22 

520 

1N5347 

10 

125 

2.0 

125 

5.0 

7.2 

7.6 

8.6 

0. 22 

475 

1N5348 

11 

125 

2.5 

125 

5. 0 

8.0 

8.4 

8.0 

0.25 

430 

1N5349 

12 

100 

2. 5 

125 

2.0 

8.6 

9. 1 

7.5 

0. 25 

395 

1N5350 

13 

100 

2.5 

100 

1.0 

9.4 

9. 9 

7.0 

0. 25 

365 

1N5351 

14 

100 

2. 5 

75 

1.0 

10. 1 

10.6 

6.7 

0. 25 

340 

1N5352 

15 

75 

2.5 

75 

1.0 

10.8 

11.5 

6.3 

0.25 

315 

1N5353 

16 

75 

2. 5 

75 

1.0 

11.5 

12. 2 

6.0 

0.30 

295 

1N5354 

17 

70 

2.5 

75 

0.5 

12.2 

12.9 

5.8 

0. 35 

280 

1N5355 

18 

65 

2.5 

75 

0.5 

13.0 

13.7 

5.5 

0.40 

264 

1N5356 

19 

65 

3.0 

75 

0.5 

13.7 

14.4 

5.3 

0.40 

250 

1N5357 

20 

65 

3.0 

75 

0.5 

14.4 

15.2 

5. 1 

0. 40 

237 

1N5358 

22 

50 

3.5 

75 

0.5 

15.8 

16.7 

4.7 

0.45 

216 

1N5359 

24 

50 

3.5 

100 

0.5 

17.3 

18.2 

4.4 

0.55 

198 

1N5360 

25 

50 

4.0 

110 

0.5 

18.0 

19. 0 

4.3 

0.55 

190 

1N5361 

27 

50 

5.0 

1?0 

0.5 

19.4 

20.6 

4. 1 

0. 60 

176 

1N5362 

28 

50 

6.0 

130 

0.5 

20. 1 

21.2 

3.9 

0. 60 

170 

1N5363 

30 

40 

8. 0 

140 

0.5 

21.6 

22.8 

3.7 

0.60 

158 

1N5364 

33 

40 

10 

150 

0.5 

23.8 

25. 1 

3.5 

0. 60 

144 

1N5365 

36 

30 

11 

160 

0.5 

25.9 

27.4 

3.3 

0. 65 

132 

1N5366 

39 

30 

14 

170 

0.5 

28. 1 

29.7 

3. 1 

0. 65 

122 

1N5367 

43 

30 

20 

190 

0.5 

31.0 

32. 7 

2. 8 

0. 70 

110 

1N5368 

47 

25 

25 

210 

0.5 

33.8 

35.8 

2.7 

0. 80 

100 

1N5369 

51 

25 

27 

230 

0.5 

36.7 

38.8 

2.5 

0.90 

93. 0 

1N5370 

56 

20 

35 

280 

0.5 

40.3 

42.6 

2. 3 

1.00 

86.0 

1N5371 

60 

20 

40 

350 

0.5 

43.0 

45. 5 

2. 2 

1. 20 

79.0 

1N5372 

62 

20 

42 

400 

0.5 

44.6 

47.1 

2. 1 

1.35 

76.0 

1N5373 

68 

20 

44 

500 

0.5 

49.0 

■ 51.7 

2.0 

1.50 

70. 0 

1N5374 

75 

20 

45 

620 

0.5 

54.0 

56.0 

1.9 

1. 60 

63.0 

1N5375 

82 

15 

65 

720 

0.5 

59.0 

62.2 

1.8 

1. 80 

58.0 

1N5376 

87 

15 

75 

760 

0. 5 

63.0 

66.0 

1.7 

2.00 

54.5 

1N5377 

91 

15 

75 

760 

0.5 

65.5 

69.2 

1.6 

2. 20 

52.5 

1N5378 

100 

12 

90 

800 

0.5 

72.0 

76.0 

1.5 

2.50 

47.5 

1N5379 

110 

12 

125 

1000 

0.5 

79.2 

83.6 

1.4 

2. 50 

43.0 

1N5380 

120 

10 

170 

1150 

0.5 

86.4 

91.2 

1.3 

2.50 

39.5 

1N5381 

130 

10 

190 

1250 

0.5 

93.6 

98.8 

1.2 

2.50 

36.6 

1N5382 

140 

8.0 

230 

1500 

0.5 

101 

106 

1.2 

2.50 

34.0 

1N5383 

150 

8.0 

330 

1500 

0.5 

108 

114 

1. 1 

3.00 

31.6 

1N5384 

160 

8.0 

350 

1650 

0.5 

115 

122 

1. 1 

3.00 

29.4 

1N5385 

170 

8.0 

380 

1750 

0.5 

122 

129 

1.0 

3. 00 

28.0 

1N5386 

180 

5.0 

430 

1750 

0.5 

130 

137 

1.0 

4.00 

26. 4 

1N5387 

190 

5.0 

450 

1850 

0.5 

137 

144 

0.9 

5.00 

25.0 

1N5388 

200 

5.0 

480 

1850 

0.5 

144 

152 

0.9 

5.00 

23.6 


NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

TOLERANCE DESIGNATION - The JEDEC type numbers shown 
indicate a tolerance of ±20% with guaranteed limits on only V£, Ir, 
ip and Vp as shown in the electrical characteristics table. Units 
with guaranteed limits on all seven parameters are indicated by 
suffix "A" for ±10% tolerance and suffix "B” for ±5.0% units. 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- 
AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: 
To designate units with zener voltages other than those 
assigned JEDEC numbers and/or tight voltage tolerances 
(±3%, ±2%, ±1%), the Mfig. type number should be used. 


5 M 

90 

Z 

S 3 

Device 

Description * | 

T 

Nominal 

T 

T ^-—Tolerance 

Voltage 

1 

1 (±%) 

Manufacturer 

Zener 

Diode 

"Surmetic” 

Example: 

5M90ZS3 



(B) MATCHED SETS: (Standard Tolerances are ±5.0%, ±2.0%, 

± 1 . 0 %). 

Zener diodes can be obtained in sets consisting of two or more 
matched devices. The method for specifying such matched 
sets is similar to the one described in (A) for specifying units 
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1N5333 thru 1N5388 (continued) 


with a special voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 

These units are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is marked 
with the same serial number, which is different for each set 
being ordered. 


5 

T 

Device 

Description 


M 


5 1 


Manufacturer 


51 Volts 
(each device) 

Zener 

Code: Diodes 

8 — Two devices in series 
C — Three devices in series 
D— Four devices in series 

Example: 5M51ZS5B1 


T T 

Surmetic” 


"Surmetic' 

Tolerance 
per device (±5%) 
(omit for ±20% units) 


\ 1 

" T 

Overall 
Tolerance 
of set 
(± 1 %) 

— Code* 
(A-Not used) 


located 3/8” to 1/2” from the inside edge of mounting clips to 
the body of the diode. (T A = 25°C °C). 


NOTE 4 - SURGE CURRENT (i r ) 

Surge current is specified as the maximum allowable peak, non- 
recurrent square-wave current with a pulse width, PW, of 8.3 ms. 
The data given in Figure 6 may be used to find the maximum 
surge current for a square wave of any pulse width between 1.0 
ms and 1000 ms by plotting the applicable points on logarithmic 
paper. Examples of this, using the 3.3 V and 200 V zeners, are 
shown in Figure 7. Mounting contact located as specified in 
Note 3. <T A = 25°C +|°C). 


NOTE 5 - VOLTAGE REGULATION (aVz) 


(C) ZENER CLIPPERS: (Standard Tolerance ±10% and ±5%). 


Special clipper diodes with opposing Zener junctions built 
into the device are available by using the following nomen- 
clature: 


5 M 

T T 

Device 

Description 



Nominal 

Voltage 


Manufacturer 


Z Z 10 

T 

T olerance for each of 
| Clipper the two Zener voltages 
Zener (not a matching require- 

Diodes ment) 



Example: 5M20ZZ10 

NOTE 3 - ZENER VOLTAGE (Vz) AND IMPEDANCE 

(ZzT & ZZK> 

Test conditions for Zener voltage and impedance are as follows: 
lz is applied 40 ± 10 ms prior to reading. Mounting contacts are 


Test conditions for voltage regulation are as follows: Vz meas- 
urements are made at 10% and then at 50% of the \z max value 
listed in the electrical characteristics table. The test currents are 
the same for the 5% and 10% tolerance devices. The test current 
time duration for each Vz measurement is 40 ± 10 ms. (T A = 
25°C + 8 C). Mounting contact located as specified in Note 3. 


NOTE 6 - MAXIMUM REGULATOR CURRENT (1 Z m) 

The maximum current shown is based on the maximum voltage 
of a 5% type unit, therefore, it applies only to the B-suffix 
device. The actual I^M f° r an Y device may not exceed the 
value of 5.0 watts divided by the actual Vz of the device. 
T|_ = 75 C at 3/8” maximum from the device body. 


TEMPERATURE COEFFICIENTS 


FIGURE 2 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 3.0 TO 10 VOLTS 


FIGURE 3 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 10 TO 220 VOLTS 



3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 



0 20 40 60 80 100 120 140 160 180 200 220 


Vz, ZENER VOLTAGE @ IzT (VOLTS) 


Vz, ZENER VOLTAGE @ IzT (VOLTS) 


FIGURE 4 - TYPICAL THERMAL RESPONSE 
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1N5333 thru 1N5388 (continued) 


FIGURE 5 - TYPICAL THERMAL RESISTANCE 



L, LEAD LENGTH TO HEAT SINK (INCH) 


FIGURE 6 - MAXIMUM NON-REPETITIVE SURGE 
CURRENT versus NOMINAL ZENER VOLTAGE 

(See Note 4) 



3.0 4.0 6.0 8.0 10 20 30 40 60 80 100 200 


NOMINAL Vz (V) 


APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction temp- 
erature under any set of operating conditions, in order to calculate its 
value. The following procedure is recommended: 

Lead Temperature, T |_, should be determined from: 

Tl = 0la p d +t a 

6 la is the lead-to-ambient thermal resistance and Pp is the 
power dissipation. 

Junction Temperature, Tj, may be found from: 

Tj = T L + A TjL 

ATj|_ is the increase in junction temperature above the lead 
temperature and may be found from Figure 4 for a train of 
power pulses or from Figure 5 for dc power. 

A T JL = 0 JL p D 

For worst-case design, using expected limits of lz, limits of Pq 
and the extremes of Tj(ATj) may be estimated. Changes in voltage, 
Vz, can then be found from: 

AV = #VZ AT J 

9\y Z’ the zener voltage temperature coefficient, is found from 
Figures 2 and 3. 


Under high power-pulse operation, the zener voltage will vary with 
time and may also be affected significantly by the zener resistance. 
For best regulation, keep current excursions as low as possible. 

Data of Figure 4 should not be used to compute surge capability. 
Surge limitations are given in Figure 6. They are lower than would 
be expected by considering only junction temperature, as current 
crowding effects cause temperatures to be extremely high in small 
spots resulting in device degradation should the limits of Figure 6 
be exceeded. 


FIGURE 7 - PEAK SURGE CURRENT 
versus PULSE WIDTH 

(See Note 4) 
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in5441A,!,C (SILICON) 

thru 


in5456A,B,C 


vvc-Wf- 


SILICON EPICAP DIODES 


. . . epitaxial passivated abrupt junction tuning diodes designed for 
electronic tuning, FM, AFC and harmonic-generation applications in 
AM through UHF ranges, providing solid-state reliability to replace 
mechanical tuning methods. 


• Excellent Q Factor at High Frequencies 

• Guaranteed Capacitance Change - 2.0 to 30 V 

• Guaranteed Temperature Coefficient 

• Capacitance Tolerance — 10%, 5.0%, and 2.0% 

• Complete Typical Design Curves 


* MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Device Dissipation @ = 25°C 

p D 

400 

mW 

Derate above 25°C 


2.67 

mW/°C 

Operating Junction Temperature Range 

T J 

+175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8 - 100 pF 
30 VOLTS 



CATHODE 

BAND 


17 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.84 

7.62 

0.230 

0.300 

B 

2.16 

2.72 

0.085 

0.107 

D 

0.46 

0.56 

0.018 

0.022 

F 

- 

1.27 

- 

0.050 

K | 

25.40 

- 

1.000 i 

- 


All JEDEC dimensions and notes apply 


CASE 51 -02 
DO -7 


* ’indicates JEDEC Registered Data. 
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1N5441A, B, C thru 1N5456A, B, C (continued) 


**ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic-All T ypes 

Test Conditions 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

1 pj = 1 0 juAdc 

BVr 

30 

- 


Vdc 

Reverse Voltage Leakage Current 

Vr = 25 Vdc, T A = 25°C 

Vr = 25 Vdc, T A = 150°C 


_ 


0.02 

20 

H Adc 

Series Inductance 

f = 250 MHz, lead lengths /16” 

LS 

- 

4.0 

1 

10 

nH 

Case Capacitance 

f = 1.0 MHz, lead length ^1/16" 

C C 

0.1 

0.17 

0.25 

pF 

Diode Capacitance Temperature 
Coefficient (Note 6) 

Vr = 4.0 Vdc, f = 1.0 MHz 

TC c 

- 

300 

400 

ppm/°C 


Device 

Cj, Diode Capacitance* 

V R =4.0 Vdc, f = 1.0 MHz 
pF 

TR, Tuning Ratio 

C2/ C 30 
f « 1.0 MHz 

Q, Figure of Merit 
V R = 4.0 Vdc 
f = 50 MHz 


Min 

(Nom -10%) 

Nom 

Max 

(Nom +10%) 

Min 

Max 

Min 

IN 5441 A 

6.1 

6.8 

7.5 

2.5 

3.1 

450 

IN 5442 A 

7.4 

8.2 

9.0 

2.5 

3.1 

450 

1N5443A 

9.0 

10.0 

11.0 

2.6 

3.1 

400 

1N5444A 

10.8 

12.0 

13.2 

2.6 

3.1 

400 

1N5445A 

13.5 

15.0 

16.5 

2.6 

3.1 

400 

IN 5446 A 

16.2 

18.0 

19.8 

2.6 

3.1 

350 

1N5447A 

18.0 

20.0 

22.0 

2.6 

3.1 

350 

1N5448A 

19.8 

22.0 

24.2 

2.6 

3.2 

350 

IN 5449 A 

24.3 

27.0 

29.7 

2.6 

3.2 

350 

1N5450A 

29.7 

33.0 

36.3 

2.6 

3.2 

350 

1N5451A 

35.1 

39.0 

42.9 

2.6 

3.2 

300 

1N5452A 

42.3 

47.0 

51.7 

2.6 

3.2 

250 

1N5453A 

50.4 

56.0 

61.6 

2.6 

3.3 

200 

IN 5454 A 

61.2 

68.0 

74.8 

2.7 

3.3 

175 

IN 5455 A 

73.8 

82.0 

90.2 

2.7 

3.3 

175 

IN 5456 A 

90.0 

100.0 

110.0 

2.7 

3.3 

175 


*To order devices with Cy Nom ±5.0% or ±2.0% add Suffix B or C respectively. 
** Indicates JE DEC Registered Data. 


1. L§, Series Inductance 

l_s is measured on a shorted package at 250 
MHz using an impedance bridge (Boonton 
Radio Model 250A RX Meter or equivalent). 

2. Cq, Case Capacitance 

C q is measured on an open package at 1 .0 
MHz using a capacitance bridge (Boonton 
Electronics Model 75A or equivalent). 

3. Cy, Diode Capacitance 

(Cf = Cq + Cj). Cy is measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec- 
tronics Model 75A or equivalent). 

4. TR, Tuning Ratio 

TR is the ratio of Cy measured at 2.0 Vdc 
divided by Cy measured at 30 Vdc. 

5. Q. Figure of Merit 

Q is calculated by taking the G and C read- 
ings of an admittance bridge at the specified 
frequency and substituting in the following 
equations: 


27rfC 

Q = 

G 

(Boonton Electronics Model 33AS8 
or equivalent). 


PARAMETER TEST METHODS 

TC c , Diode Capacitance Temperature 
Coefficient 

TC c is guaranteed by comparing Cy at Vr = 
4.0 Vdc, f = 1 .0 MHz, T a = -65°C with Cy 
at V R = 4.0 Vdc, f = 1.0 MHz, T A = +85°C 


FIGURE 1 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Tj, JUNCTION TEMPERATURE (°C) 


in the following equation, which defines TC c : 
C t (+85°C) - C T (-65°C)| 10 6 

85 + 65 I C X (25°C) 

Accuracy limited by Cy measurement to 
±0.1 pF. 
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1N5441A, B, C thru 1N5456A, B, C (continued) 


TYPICAL DEVICE PERFORMANCE 


FIGURE 2 - DIODE CAPACITANCE versus REVERSE VOLTAGE 



FIGURE 3 - FIGURE OF MERIT 
versus REVERSE VOLTAGE 



1.0 2.0 3.0 5.0 7.0 10 20 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 4 - FIGURE OF MERIT versus FREQUENCY 



10 20 30 50 70 10Q 200 250 

f, FREQUENCY (MHz) 


FIGURE 5 - REVERSE CURRENT 



Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 6 - FORWARD VOLTAGE 
versus FORWARD CURRENT 
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in5461A,B,C (SILICON) 

thru 

in5476A,B,C 

vvc -Wl 


SILICON EPICAP DIODES 

. . . a PREMIUM line of epitaxial, passivated, abrupt-junction tuning 
diodes for critical and sophisticated frequency control applications 
through the UHF range. 

• High Q at High Frequencies 

• Guaranteed High Capacitance Tuning Range 

• Excellent Unit-to-Unit Uniformity 

• Guaranteed Temperature Coefficient 

• Capacitance Tolerances — 10%, 5.0%, and 2.0% 

• Complete Typical Design Curves 


** MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Device Dissipation @ T/\ = 25°C 

Pd 

400 

mW 

Derate above 25°C 


2.67 

mW/°C 

Operating Junction Temperature Range 

Tj 

+175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


“indicates JEOEC Registered Data. 
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VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


6.8 - 100 pF 
30 VOLTS 



All JEDEC dimensions and notes apply 



CASE 51 02 
DO -7 





1N5461A, B, C thru 1N5476A, B, C (continued) 


•'ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic— All Types 

T est Conditions 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

Ir = 10 juAdc 

BVr 

30 

- 

- 

Vdc 

Reverse Voltage Leakage Current 

V R = 25 Vdc, T A - 25°C 

Vr = 25 Vdc, T A = 150°C 

|r 

- 


0.02 

20 

pAdc 

Series Inductance 

f = 250 MHz, lead length « 1/1 6” 

LS 

- 

4.0 

10 

nH 

Case Capacitance 

f = 1 .0 MHz, lead length « 1 /1 6" 

c c 

0.1 

0.17 

0.25 

pF 

Diode Capacitance Temperature 
Coefficient (Note 6) 

Vr =4.0 Vdc, f = 1.0 MHz 

TC c 

- 

300 

400 

ppm/°C 


Device 

Cy, Diode Capacitance* 

Vr =4.0 Vdc, f = 1.0 MHz 

PF 

TR, Tuning Ratio 

C2/C30 
f « 1.0 MHz 

Q, Figure of Merit 
V R = 4.0 Vdc 
f = 50 MHz 


Min 

(Nom -10%) 

Nom 

Max 

(Nom +10%) 

Min 

Max 

Min 

1N5461A 

6.1 

6.8 

7.5 

2.7 

3.1 

600 

1N5462A 

7.4 

8.2 

9.0 

2.8 

3.1 

600 

1N5463A 

9.0 

10.0 

11.0 

2.8 

3.1 

550 

1N5464A 

10.8 

12.0 

13.2 

2.8 

3.1 

550 

1N5465A 

13.5 

15.0 

16.5 

2.8 

3.1 

550 

IN 5466 A 

16.2 

18.0 

19.8 

2.9 

3.1 

500 

1N5467A 

18.0 

20.0 

22.0 

2.9 

3.1 

500 

IN 5468 A 

19.8 

22.0 

24.2 

2.9 

3.2 

500 

1 N 5469 A 

24.3 

27.0 

29.7 

2.9 

3.2 

500 

1N5470A 

29.7 

33.0 

36.3 

2.9 

3.2 

500 

1N5471A 

35.1 

39.0 

42.9 

2.9 

3.2 

450 

1N5472A 

42.3 

47.0 

51.7 

2.9 

3.2 

400 

IN 5473 A 

50.4 

56.0 

61.6 

2.9 

3.3 

300 

1N5474A 

61.2 

68.0 

74.8 

2.9 

3.3 

250 

1N5475A 

73.8 

82.0 

90.2 

2.9 

3.3 

225 

1 N 5476 A 

90.0 

100.0 

110.0 

2.9 

3.3 

200 


*To order devices with Cj Nom ±5.0% or ±2.0% add Suffix B or C respectively. 


* indicates JEDEC Registered Data. 

PARAMETER TEST METHODS 

1 . 


2 . 


3. 


4. 


5. 


Tj, JUNCTION TEMPERATURE (°C) 


1$, Series Inductance 

L§ is measured on a shorted package at 250 
MHz using an impedance bridge (Boonton 
Radio Model 250 A RX Meter or equivalent). 
Cc, Case Capacitance 

C q is measured on an open package at 1 .0 
MHz using a capacitance bridge (Boonton 
Electronics Model 75 A or equivalent). 

Cy, Diode Capacitance 

(Cy = C q + Cj). Cy is measured at 1 .0 MHz 
using a capacitance bridge (Boonton Elec- 
tronics Model 75A or equivalent). 

TR, Tuning Ratio 

TR is the ratio of Cy measured at 2.0 Vdc 
divided by Cy measured at 30 Vdc. 

Q, Figure of Merit 

Q is calculated by taking the G and C read- 
ings of an admittance bridge at the specified 
frequency and substituting in the following 
equations: 

2fffC 

Q= 

G 

(Boonton Electronics Model 33AS8 
or equivalent). 


TC c , Diode Capacitance Temperature 
Coefficient 

TC c is guaranteed by comparing Cy at Vr = 
4.0 Vdc, f - 1.0 MHz, T a = -65°C with Cy 
at Vr = 4.0 Vdc, f * 1.0 MHz, T A = +85°C 


in the following equation, which defines TC c : 
Cy(+85°C) - Cy(-65°C)| 1 0 6 


Cy(25°C) 


Accuracy limited by Cy measurement to 
±0.1 pF. 

FIGURE 1 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 
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1N5461A, B, C thru 1N5476A, B, C (continued) 


TYPICAL DEVICE PERFORMANCE 



0.1 0.2 0.5 1.0 2.0 4.0 5.0 10 20 30 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 - FIGURE OF MERIT 



1.0 2.0 3.0 5.0 7.0 10 20 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 4 - FIGURE OF MERIT versus FREQUENCY 



FIGURE 5 - REVERSE CURRENT 



5.0 10 15 20 25 30 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 6 - FORWARD VOLTAGE 
versus FORWARD CURRENT 
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1N5461A, B, C thru 1N5476A, B, C (continued) 


EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 


A. Epicap Network Presentation 

The equivalent circuit in Figure 7 shows the voltage capacitance 
and parasitic elements of an EPICAP diode. For design purposes at 
all but very high and very low frequencies, l_s, Rj, and Cc can be 
neglected. The simplified equivalent circuit of Figure 8 represents 
the diode under these conditions. 

Definitions: 

Cj — Voltage- Variable Junction Capacitance 
Rg - Series Resistance (semiconductor bulk, contact, and 
lead resistance) 

Cc — Case Capacitance 
Lg — Series I nductance 

Rj — Voltage-Variable Junction Resistance (negligible above 
100 kHz) 


FIGURE 7 



B. Epicap Capacitance versus Reverse Bias Voltage 

The most important design characteristic of an EPICAP diode is 
the Cf versus Vr variation as shown in equations 1 and 2. Tuning 
Ratio, TR, between any two voltage points on curve of equation (2) 
is determined from equations (3) and (4). 


C. Epicap Capacitance versus Frequency 

Variations in EPICAP effective capacitance, as a function of oper- 
ating frequency, can be derived from a simplified equivalent circuit 
similar to that of Figure 7, but neglecting Rg and Rj. The admittance 
expression for such a circuit is given in equation 5. Examination of 
equation 5 yields the following information: 

At low frequencies, Ceqs^Cj; at very high frequencies (f ^ °°) 

Cgq Cc- 

As frequency is increased from 1.0 MHz, C eq increases until it is 
maximum at w 2 = 1/LgCj; and as cu 2 is increased from 1/LgCj 
toward infinity, Cgq increases from a very negative capacitance 
(inductance) toward C eq = Cq, a positive capacitance. 

Very simple calculations for Cgq at higher frequencies indicate 
the problems encountered when capacity measurements are made 
above 1.0 MHz. As oj approaches u> 0 = 1/,/LgCj, small variations 
in Lg cause extreme variations in measured diode capacitance. 


C T = C C + Cj 


Cj = Cc + 


Co 



7 


TR Junction 


cji 

CJ2 



TR Diode - 


CT1 

C T 2 


Cji + Cc 
Cj2 + C C 


C Q = Cj at V R = 0 

Vr = Reverse Bias (Volts) * 

7 , Diode Power Law, « 0.44 
<t>. Contact Potential, «0.6 Volt 
C c «0.17pF 


jwCj 

Y = jojCgq - jujCc + 

1 - cu 2 LgCj 


D. EPICAP Figure of Merit (Q) and Cutoff Frequency (f co ) 

The efficiency of EPICAP response to an input frequency is re- 
lated to the Figure of Merit of the device as defined in equation 6. 
For very low frequencies, equation 7 applies whereas at high fre- 
quencies, where Rj can be neglected, equation 6 may be rewritten 
into the familiar form of equation 8. 

Another useful parameter for EPICAP devices is the cutoff fre- 
quency (f co ), and is the frequency point where Q is equal to 1. 
Equation 9 gives this relationship. 


Q.^ 

RSeq 

wCjRj 2 
Q Lf * 


Qhf 

fco 


Rj + Rs(1 + w 2 Cj 2 Rj 2 

1 


tuRgCeq 
= Q fmax 


1 

27fRgC B VR 


E. Harmonic Generation Using EPICAPS 

Efficient harmonic generation is possible with EPICAPS because 
of their high cutoff frequency and breakdown voltage. Since EPICAP 
junction capacitance varies inversely with the square root of the 
breakdown voltage, harmonic generator performance can be accurately 
predicted from various idealized models. Equation 10 gives the 
level of maximum input power for the EPICAP and equation 1 1 gives 
the relationships governing EPICAP circuit efficiency. In these 
equations, adequate heat sinking has been assumed. 


M(BVr+ 0)2 f in 
Pin(max)= ~ f 


M(x2) 

Eff » 1 - N 
N(x2) 


Rs 

0.0285; M(x3) = 0.0241 ; M(x4) = 0.196 
fput 
fco 

20.8; N(x3) = 34.8; N(x4) = 62.5 
M and N are Constants 


( 1 ) 

( 2 ) 

(3) 

(4) 


(5) 


( 6 ) 

(7) 

( 8 ) 

(9) 


( 10 ) 


( 11 ) 
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in5518. A, 

thru 

in5546. A, 


B (SILICON) 

B 


LOW VOLTAGE AVALANCHE SILICON OXIDE 
PASSIVATED ZENER REGULATOR DIODES 

Highly reliable silicon regulators utilizing an oxide-passivated junc- 
tion for long-term voltage stability. RamRod construction provides 
a rugged, glass-enclosed, hermetically sealed structure. 


• Low Zener Noise Specified 

• Low Maximum Regulation Factor 

• Low Zener I mpedance 

• Low Leakage Current 

• Controlled Forward Characteristics 

• Temperature Range: -65 to + 200°C 


LOW VOLTAGE AVALANCHE 
ZENER DIODES 

400 MILLIWATTS 
3.3 THRU 33 VOLTS 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

DC Power Dissipation @ Ta = 50°C 

PD 

400 

mW 

Derate above 50°C 


2.66 

mW/°C 

DC Power Dissipation @ Tj_ = 50°C 

Lead Length = 1/8” 

Pd 

500 

mW 

Derate above 50°C (Figure 1) 


3.3 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 



MECHANICAL CHARACTERISTICS 
CASE : Hermetically sealed, all-glass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are 
readily solderable and weldable. 

POLARITY : Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approx) 

MOUNTING POSITION: Any 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



0 20 40 60 80 100 120 140 160 180 200 


T(_, LEAD TEMPERATURE (°C) 



B 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.84 

7.62 

0.230 

0.300 

B 

2.16 

2.72 

0.085 

0.107 

D 

0.46 

0.56 

0.018 

0.022 

F 

- 

1.27 

- 

0.050 

K 

25.40 

- 

1.000 

- 


All JEDEC dimensions and notes apply 


CASE 51-02 
DO-7 
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1N5518, A, B thru 1N5546, A, B (continued) 


ci poTnioAi puadaotcdioti/'p ( T /\ = 25°C u ii less otherwise noted . Based on dc measurements at thermal equilibrium; 
ELECTRICAL CHARACTERISTICS Vp = ri Max @ Ip = 2 00 mA for all types) 


JEDEC 
Type No. 
(Note 1) 

Nominal 
Zener Voltage 

Vz @ Izt 

Volts 
(Note 2) 

Test 

Current 

izt 

mAdc 

Max Zener Impedance 

B-C-D Suffix 

z Z t@ izt 

Ohms 
(Note 3) 

Max Reverse Leakage Current 

B-C-D Suffix 

Maximum 

DC Zener Current 

>ZM 
mAdc 
(Note 5) 

B-C-D Suffix 
Max Noise Density 
at 1 z = 250 m A 

n d 

(Figure 1) 
(micro-volts per 
square root cycle) 

Regulation 
Factor 
AV 2 
Volts 
(Note 6) 

Low 

v z 

Current 

'ZL 

mAdc 

|r 

(iAdc 
(Note 4) 

Vr - Volts 

Non & A- 

Suffix 

B-C-D 

Suffix 

1N5518 

3.3 

20 

26 

5.0 

0.90 

1.0 

115 

0.5 

0.90 

2.0 

1N5519 

3.6 

20 

24 

3.0 

0.90 

1.0 

105 

0.5 

0.90 

2.0 

IN 5520 

3.9 

20 

22 

1.0 

0.90 

1.0 

98 

0.5 

0.85 

2.0 

1N5521 

4.3 

20 

18 

3.0 

1.0 

1.5 

88 

0.5 

0.75 

2.0 

1N5522 

4.7 

10 

22 

2.0 

1.5 

2.0 

81 

0.5 

0.60 

1.0 

IN 5523 

5.1 

5.0 

26 

2.0 

2.0 

2.5 

75 

0.5 

0.65 

0.25 

IN 5524 

5.6 

3.0 

30 

2.0 

3.0 

3.5 

68 

1.0 

0.30 

0.25 

IN 5525 

6.2 

1.0 

30 

1.0 

4.5 

5.0 

61 

1.0 

0.20 

0.01 

1N5526 

6.8 

1.0 

30 

1.0 

5.5 

6.2 

56 

1.0 

0.10 

0.01 

1N5527 

7.5 

1.0 

35 

0.5 

6.0 

6.8 

51 

2.0 

0.05 

0.01 

1N5528 

8.2 

1.0 

40 

0.5 

6.5 

7.5 

46 

4.0 

0.05 

0.01 

1N5529 

9.1 

1.0 

45 

0.1 

7.0 

8.2 

42 

4.0 

0.05 

0.01 

IN 5530 

10.0 

1.0 

60 

0.05 

8.0 

9.1 

38 

4.0 

0.10 

0.01 

1N5531 

11.0 

1.0 

80 

0.05 

9.0 

9.9 

35 

5.0 

0.20 

0.01 

1N5532 

12.0 

1.0 

90 

0.05 

9.5 

10.8 

32 

10 

0.20 

0.01 

IN 5533 

13.0 

1.0 

90 

0.01 

10.5 

11.7 

29 

15 

0.20 

0.01 

IN 5534 

14.0 

1.0 

100 

0.01 

11.5 

12.6 

27 

20 

0.20 

0.01 

IN 5535 

15.0 

1.0 

100 

0.01 

12.5 

13.5 

25 

20 

0.20 

0.01 

IN 5536 

16.0 

1.0 

100 

0.01 

13.0 

14.4 

24 

20 

0.20 

0.01 

IN 5537 

17.0 

1.0 

100 

0.01 

14.0 

15.3 

22 

20 

0.20 

0.01 

IN 5538 

18.0 

1.0 

100 

0.01 

15.0 

16.2 

21 

20 

0.20 

0.01 

IN 5539 

19.0 

1.0 

100 

0.01 

16.0 

17.1 

20 

20 

0.20 

0.01 

IN 5540 

20.0 

1.0 

100 

0.01 

17.0 

18.0 

19 

20 

0.20 

0.01 

1N5541 

22.0 

1.0 

100 

0.01 

18.0 

19.8 

17 

20 

0:25 

0.01 

IN 5542 

24.0 

1.0 

100 

0.01 

20.0 

21.6 

16 

20 

0.30 

0.01 

IN 5543 

25.0 

1.0 

100 

0.01 

21.0 

22.4 

15 

20 

0.35 

0.01 

IN 5544 

28.0 

1.0 

100 

0.01 

23.0 

25.2 

14 

20 

0.40 

0.01 

IN 5545 

30.0 

1.0 

100 

0.01 

24.0 

27.0 

13 

20 

0.45 

0.01 

IN 5546 

33.0 

1.0 

100 

0.01 

28.0 

29.7 

12 

20 

0.50 

0.01 


NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

The JEDEC type numbers shown are ±20% with guaranteed 
limits for only Vz, Ir, and Vp. Units with "A” suffix are ±10% 
with guaranteed limits for Vz, Ir, and Vp. Units with guaranteed 
limits for all six parameters are indicated by a "B" suffix for 
±5.0% units, "C" suffix for ±2.0% and "D” suffix for ±1.0%. 

NOTE 2 - ZENER VOLTAGE (Vz) MEASUREMENT 

Nominal zener voltage is measured with the device junction in 
thermal equilibrium with ambient temperature of 25°C. 

NOTE 3 - ZENER IMPEDANCE (Zz) DERIVATION 

The zener impedance is derived from the 60 Hz ac voltage, which 
results when an ac current having an rms value equal to 10% of 
the dc zener current (Izt) ‘ s superimposed on Izt- 


NOTE 4 - REVERSE LEAKAGE CURRENT (Ir) 

Reverse leakage currents are guaranteed and are measured at Vr 
as shown on the table. 

NOTE 5 - MAXIMUM REGULATOR CURRENT Ozm) 

The maximum current shown is based on the maximum voltage 
of a 5.0% type unit, therefore, it applies only to the "B" suffix 
device. The actual I^M for any device may not exceed the value 
of 400 milliwatts divided by the actual Vz of the device. 

NOTE 6 - MAXIMUM REGULATION FACTOR (AVz) 

AVz is the maximum difference between Vz at Izt an <f 
at Izl measured with the device junction in thermal equilibrium. 
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C, CAPACITANCE (pF) 


1N5518, A, B thru 1N5546, A, B (continued) 


ZENER NOISE DENSITY 


A zener diode generates noise when it is biased in the zener direc- 
tion. A small part of this noise is due to the internal resistance asso- 
ciated with the device. A larger part of zener noise is a result of the 
zener breakdown phenomenon and is called microplasma noise. 
To eliminate the higher frequency components of noise a small 
shunting capacitor can be used. The lower frequency noise generally 
must be tolerated since a capacitor required to eliminate the lower 
frequencies would degrade the regulation properties of the zener in 
many applications. 

Motorola is rating this series with a maximum noise density at 
250 microamperes, a bandwidth of 2.0 kHz and a center frequency 
of 2.0 kHz. 


Noise density decreases as zener current increases. The junction 
temperature will also change the zener noise levels, thus the noise 
rating must indicate frequency, bandwidth, current level and 
temperature. 

The block diagram shown in Figure 2 represents the method used 
to measure noise density. The input voltage and load resistance is 
high so that the zener is driven from a constant current source. The 
amplifier must be low noise so that the amplifier noise is negligible 
compared to the test zener. The filter frequency and bandpass is 
known so that the noise density in volts RMS per square root cycle 
can be calculated. 


FIGURE 2 - NOISE DENSITY MEASUREMENT METHOD 


AMMETER LOAD 

DCCICTHD 



NOISE DENSITY (VOLTS PER SQUARE ROOT BANDWIDTH) = 


V out 

OVERALL GAIN /BW 


WHERE: BW = FILTER BANDWIDTH (Hz) 

V out = OUTPUT NOISE (VOLTS RMS) 


FIGURE 3 - TYPICAL CAPACITANCE 



FIGURE 4 - TYPICAL FORWARD CHARACTERISTICS 



V F , FORWARD VOLTAGE (VOLTS) 


I 


I 
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IN 5758.A thru 1 n5762,A (SILICON) 


SILICON 3-LAYER BILATERAL TRIGGERS 

. . . Annular , two terminal devices that exhibit bi-directional negative 
resistance switching characteristics. These economical, durable de- 
vices have been developed for use in thyristor triggering circuits for 
lamp drivers and universal motor speed controls. 

• Switching Voltage Range — 20 to 36 Volts Nominal 

• Symmetrical Characteristics 

• Passivated Surface for Reliability and Uniformity 


*MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Pulse Current 

'pulse 


Amp 

(30 /us duration, 1 20 Hz 


2.0 


repetition rate) 




Power Dissipation @ T A = -40 to +25°C 

PD 

300 

mW 

Derate above 25°C 


4.0 

mW/°C 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 
, 

°C 


"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Switching Voltage 

V S 



Volts 

(Both Directions) 1N5758 


16 

24 


1N5759 


20 

28 


IN 5760 


24 

32 


1N5761 


28 

36 


1N5762 


32 

40 


1N5758A 


18 

22 


1N5759A 


22 

26 


1N5760A 


26 

30 


1N5761A 


30 

34 


1N5762A 


34 

38 


Switching Current 

>s 



mA 

(Both Directions) 1N5758/5762 


— 

100 


(T a = -40 to +75°C) 1 N5758A/5762A 


- 

25 


Switching Voltage Change 

Av 



Volts 

(Both Directions) 1N5758,A,1N5759,A 


5.0 

— 


(Al = l s to 1 = 10 mA) 1 N5760,A,61 ,A,62,A 


7.0 

- 


Leakage Current 

'B 




(Both Directions), (Applied Voltage = 14 Volts) ' 


- 


■Ml 

Switching Voltage Symmetry 





1N5758/5762 





1N5758A/5762A 





Peak Pulse Amplitude (Rgure 1) 




Volts 

(Both Polarities) 1N5758,A,1N5759,A 



- 


1 N5760,A,61 ,A,62,A 



- 



•Indicates JEDEC Registered Data. 


SILICON 

BILATERAL TRIGGERS 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

B 

4.45 

5.21 

0.175 

0.205 

~TH 

3.18 


0.125 

0.165 

D 

0.356 

■lMcEl 

0-014 

0.021 

F 


0.482 


0.019 

G 

1.27 BSC 

MLKSi 

BSC 

mm 

- 

mwm 

- 

DOW 

j 

2.54 

BSC 

K 

BSC 

MM 

mi* 

- 

■ULliIil 

- 

L 


- 

■3EETH 

- 

N 


2.66 


0.105 

P 

msm 

- 

msm 

- 

ID 

mtm 

- 

mam 

■B 


CASE 182-02 
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t r , RISE TIME (ns) Vs, SWITCHING VOLTAGE (NORMALIZED) 


1N5758,A thru 1N5762,A (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - PEAK PULSE AMPLITUDE TEST CIRCUIT 

R1 Cl 



FIGURE 2 - VOLT AMPERE CHARACTERISTICS 




-40 -20 0 20 40 60 80 100 

Tj, JUNCTION TEMPERATURE (°C) 



-40 -20 0 20 40 60 80 100 

Tj, JUNCTION TEMPERATURE (°C) 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

Ip, PEAK CURRENT (AMPERES) 


FIGURE 6 - CONTROL CIRCUIT 


RL 

L1< ^ load” 

6.0 to 900 


WATTS 


117 VAC 
60 Hz 



MOTOROLA 

BILATERAL 


5.0 k 

f VW 


TRIGGER \//\ 


MOTOROLA 
2N6148 
TR C 


: 0.1 mF 


✓tx 0.02 pF 



in5779 


thn,1N5793 


For Specifications, See 1N5158 Data. 
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tn5820 

in5821 


Designers Data Sheet 


HOT CARRIER POWER RECTIFIERS 

. . . employing the Schottky Barrier principle in a large area metal-to-silicon power 
diode. State of the art geometry features epitaxial construction with oxide passiva- 
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 

• Extremely Low vp • Low Power Loss/High Efficiency 

• Low Stored Charge, Majority • High Surge Capacity 

Carrier Conduction 


Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device char- 
acteristics — are given to facilitate "worst case" design. 


♦MAXIMUM RATINGS 


Rating 

Symbol 

1N5820 

1N5821 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

20 

30 

Volts 

Non- Repetitive Peak Reverse Voltage 

V RSM 

24 

36 

Volts 

RMS Reverse Voltage 

V R(RMS) 

14 

21 

Volts 

Average Rectified Forward Current (2) 
VR(equiv)<0.2V R ,( dc) ,T L = 95 o C 
( R 0 j A = 28°C/W, P.C. Board 

Mounting, See Note 2) 

>0 

3.0 

Amp 

Ambient Temperature 

Rated V R (dc), P F(AV) = 0 

RflJA = 28°C/W 

Ta 

90 

85 

°C 

Non- Repetitive Peak Surge Current 
(surge applied at rated load condi- 
tions, halfwave, single phase 60 Hz, 

T l = 75°C) 

>FSM 

250 (for 1 cycle) 

Amp 

Operating and Storage Junction 

Temperature Range (Reverse 

Voltage applied) 

Tj,T st g 

-65 to +125 

°C 

Peak Operating Junction Temperature 
(Forward Current Applied) 

T J(pk) 

150 

°C 


♦THERMAL CHARACTERISTICS (Note 2) 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JA 

28 

°C/W 

♦ELECTRICAL CHARACTERISTICS (T L = 25°C unless otherwise noted.) (2) 

Characteristic 

Symbol 

1N5820 

1N5821 

Unit 

Maximum 1 nstantaneous Forward 

V F 



Volts 

Voltage ( 1 ) 





(ip = 1.0 Amp) 


0.370 

0.380 


(ip = 3.0 Amp) 


0.475 

0.500 


(ip = 9.4 Amp) 


0.850 

0.900 


Maximum Instantaneous Reverse 

>R 



mA 

Current @ rated dc Voltage ( 1 ) 





T l = 25°C 


2.0 

2.0 


T l = 100°C 


20 

20 



(1) Pulse Test: Pulse Width = 300 ms. Duty Cycle = 2.0%. 

(2) Lead Temperature reference is cathode lead 1/32" from Case. 
‘Indicates JEDEC Registered Data. 


SCHOTTKY 

BARRIER 

RECTIFIERS 

3.0 AMPERE 
20, 30 VOLTS 


0j 

~~i r-° 




MILLIMETERS 

INC 

HES 

A 

4.83 

5.33 

0.190 

0.210 

B 

26.97 

27.23 

1.062 

1.072 

C 

9.40 

9.65 

0.370 

0.380 

D 

1.22 

1.32 

0.048 

0.052 

E 

2° 


2° 



MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded 
FINISH: All external surfaces corrosion-resistant 
and the terminal leads are readily 
solderable. 

POLARITY: Cathode indicated by polarity band 
MOUNTING POSITIONS: Any 
SOLDERING: 220°C 1/16" from case for 10 s. 
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IN 5820, 1N5821 (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.1 Vrwm. Proper derating may be accomplished by use 
of equation (1): 

T A(max) = T J(max) ~ R 0JA P F(AV) ~ R 0JA p R(AV) (D 
where 

TA(max) = Maximum allowable ambient temperature 
Tj(max) = Maximum allowable junction temperature 
(125°Cor the temperature at which ther- 
mal runaway occurs, whichever is lowest). 
P F(AV) = Average forward power dissipation 
P R(AV) = Average reverse power dissipation 
R 0 JA = Junction-to-ambient thermal resistance 
Figures 1 and 2 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2)' 

T R = T J(max) - r 0JA p R(AV) <2) 

Substituting equation (2) into equation (1) yields: 

T A(max) = Tr — R# JA P F(AV) 13) 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 1 25°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1 and 2 


as a difference in the rate of change of the slope in the vicinity of 
115°C. The data of Figures 1 and 2 is based upon dc conditions. 
For use in common rectifier circuits. Table I indicates suggested 
factors for an equivalent dc voltage to use for conservative design; 
i.e.: 

v R(equiv) = V(FM) x F (4) 

The Factor F is derived by considaring the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example. Find T/\( max ) for 1N5821 operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that Iqc = 
2.0 A (Ip(AV) -1-0 A), l(FM)/ f (AV) = 10 - Input Voltage = 10 
V(rms), r 0 JA = 40°C/W. 

Step 1 : Find VR( equ j v ). Read F = 0.65 from Table I 
V R(equiv) = (1.41X10X0.65) = 9.2 V 
Step 2 Find Tr from Figure 2. Read Tr = 108°C @ Vr = 

9.2 V & R 0 jA=4O°C/W. 

Step 3 Find Pf(AV) f rom Figure 3. **Read Pf(AV) = 0-85 W 
l(FM) 

* 10 & If(AV) =10 A 

l(AV) 

Step 4: Find T^( max ) from equation (3). 

T A(max) = 108 - (0.85) (40) = 74°C 

**Values given are for the 1N5821. Power is slightly lower for the 
IN 5820 because of its lower forward voltage. 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped *t 

Load 

Resistive 

Capacitive* 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0775 

1.5 

0.75 

0.75 

1.5 

1.5 


*Note that Vr(pk)«2 Vj n (pK)’ tUse line to center tap voltage for Vj n . 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - 1N5820 FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - 1N5821 




FIGURE 3 - FORWARD POWER DISSIPATION 
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IN 5820, 1N5821 (continued) 


FIGURE 7 - TYPICAL FORWARD VOLTAGE 


FIGURE 8 - MAXIMUM NON-REPETITIVE SURGE CURRENT 




FIGURE 9 - TYPICAL REVERSE CURRENT 



FIGURE 10 - CAPACITANCE 


NOTE 3 - HIGH FREQUENCY OPERATION 

Since current flow in aSchottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 10.) 



Vr, REVERSE VOLTAGE (VOLTS) 






i n 5823, in5824, in5825 (silicon) 


Designers Data, Sheet 


HOT CARRIER POWER RECTIFIERS 

employing the Schottky Barrier principle in a large area metal-to-silicon power 
diode State of the art geometry features epitaxial construction with oxide passiva- 
tion and metal overlap contact Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes 

• Extremely Low vp • Low Power Loss/High Efficiency 

• Low Stored Charge, Majority • High Surge Capacity 

Carrier Conduction 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from 
the information presented Limit curves - representing boundaries on device char- 
acteristics — are given to facilitate "worst case" design 


♦MAXIMUM RATINGS 


Rating 

Symbol 

1N5823 

1N5824 

1N5825 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

20 

30 

40 

Volts 

Non-Repetitive Peak Reverse Voltage 

Vrsm 

24 

36 

48 

Volts 

RMS Reverse Voltage 

V R(RMS) 

14 

21 

28 

Volts 

Average Rectified Forward Current 
VR(equiv)<0.2V R ( dc ), T C = 75°C 
v R(equiv)<0.2 V R (dc),T L = 80°C 
( R 0 JA = 25°C/W, P.C. Board 
Mounting, See Note 3) 

•o 

15 ► 

5.0 ► 

Amp 

Ambient Temperature 

Rated Vr (dc), Pf(AV) = 0 

R<5 j A = 25°C/W 

t a 

65 

60 

55 

°C 

Non-Repetitive Peak Surge Current 
(surge applied at rated load condi- 
tions, halfwave, single phase 60 Hz) 

•fsm 

— 500 (for 1 cycle) — ► 

Amp 

Operating and Storage Junction 
Temperature Range (Reverse 

Voltage applied) 

T J- T stg 

65 to +125 ► 

°C 

Peak Operating Junction Temperature 
(Forward Current Applied) 

T J(pk) 

— f 150 ► 

°C 


♦THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.0 

°C/W 


♦ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

1N5823 

1N5824 

1N5825 

Unit 

Maximum Instantanous Forward 

V F 




Volts 

Voltage (1) 






( ip = 3.0 Amp) 


0.330 

0.340 

0.350 


(ip = 5.0 Amp) 


0.360 

0.370 

0.380 


(ip = 15.7 Amp) 


0.470 

0.490 

0.520 


Maximum Instantanous Reverse 

! r 




mA 

Current @ rated dc Voltage 






T c = 25°C 


10 

10 

10 


T c = 100°C 


75 

75 

75 



(1) Pulse Test - Pulse Width = 300 jus, Duty Cycle = 2.0%. 
’Indicates JEDEC Registered Data. 


SCHOTTKY 

BARRIER 

RECTIFIERS 

5 AMPERE 
20, 30, 40 VOLTS 




STYLE 1: 

PIN 1. CATHODE 
2. ANODE 


DIIVI 


INCHES 

MIN 

MAX 

wrxtm 

MAX 

A 

_ 

11.43 

_ 

0.450 

B 

- 

8.89 

- 

0.350 

C 


7.62 

- 

0.300 

D 

1.17 

1.42 

0.046 

0.056 

K 

24.89 

- 

0.980 

- 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 
FINISH: All external surfaces corrosion-resistant 
and the terminal leads are readily 
solderable. 

POLARITY: Cathode to case. 

MOUNTING POSITIONS: Any 
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IN 5823, IN 5824, 1N5825 (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.1 V r WM • Proper derating may be accomplished by use 
of equation (1): 

T A(max) = T J(max) ~ R 0JA P F(AV) - R 0JA P R(AV) 0> 
where 

TA(max) = Maximum allowable ambient temperature 
Tj(max) = Maximum allowable junction temperature 
( 1 25°C or the temperature at which ther- 
mal runaway occurs, whichever is lowest). 
p F(AV) = Average forward power dissipation 
P R(AV) = Average reverse power dissipation 
r 0JA - Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

t R = T J(max) - R 0JA p R(AV) < 2 > 

Substituting equation (2) into equation (1) yields 
TA(max) = Tr ~ R 0JA p F(AV) <3) 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


3 as a difference in the rate of change of the slope in the vicinity 
of 1 15°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Table I indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

VR(equiv) = V IN(PK) x F < 4 > 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find T A (max) f° r 1N5825 operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that I qq = 
10 A Of(AV) = 5 A), l ( p K)/ , (AV) = 10, Input Voltage = 10 
V(rms), R<?ja = 10°C/W. 

Stepl: Find Vp( e q U j v ). Read F = 0.65 from Table I 

VR(equiv) = (1.41H10H0.65) = 9.2 V 
Step 2: Find Tr from Figure 3. Read Tr = 1 18°C @ Vr = 

9.2 V & r 0JA = 10°C/W. 

Step 3: Find p p(AV) trom Figure 4. +Read p F(AV) = 5.5 W 

= 10 & I F (AV) = 5 A 
l(AV) 

Step 4: Find TA( max ) from equation (3). TA(max) = 1 18-( 10) 
(5.5) = 63°C. 

tValues given are for the 1N5825. Power is slightly lower for the 
other units because of their lower forward voltage. 


TABLE i - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped ( 1 M2) 

Load 

Resistive 

Capacitive (U 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0.75 

1.5 

0.75 

0.75 

1.5 

1.5 


(1)Note that Vr(pk)« 2 Vj n (p«) (2)Use line to center tap voltage for V in - 




FIGURE 3 - MAXIMUM REFERENCE TEMPERATURE - 1N5825 



FIGURE 4 - FORWARD POWER DISSIPATION 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

lF(AV), AVERAGE FORWARD CURRENT 
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IN 5823, 1N5824, 1N5825 (continued) 


THERMAL CHARACTERISTICS 


FIGURE 5 - THERMAL RESPONSE 



t, TIME (ms) 


NOTE 2 - FINDING JUNCTION TEMPERATURE 



DUTY CYCLE, D = t p /ti 
PEAK POWER, P p k, is peak, of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended 

, The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3) The thermal mass 
connected to the case is normally large enough so that ;t will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady state conditio ns are achieved Using the measured value of Tc, the junction 
temperature may be determined by 

Tj = Tc+ A T)C 

where A Tjc is the increase in junction temperature above the case temperature. 
It may be determined by 

A Tjc = P p |< • R(9JC ID + (1 - D) • r(tj +t p ) + r(t p ) - rltj)) 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 
5. i.e. 

r (t 1 + tp) = normalized value of transient thermal resistance at time t^ + tp 


NOTE 3 - MOUNTING DATA 

Data shown for thermal resistance junction- to-ambient 
( R 0JA) for the mountings shown is to be used as typical 
guideline values for preliminary engineering. 


TYPICAL VALUES FOR R 0JA IN STILL AIR 


MOUNTING 

METHOD 

LEAD LENGTH, L ( 1 N) | 

r (9JA 

1/4 

1 

1 

55 

60 

°C/W 

2 

65 

70 

°C/W 

3 

25 | 

°C/,W 


MOUNTING METHOD 1 MOUNTING METHOD 3 

P. C. Board with 
2 1/2" x 2 1/2" copper surface 


MOUNTING METHOD 2 


Board Ground 
Vector pin mounting Plane 






L3 


FIGURE 6 - APPROXIMATE THERMAL CIRCUIT MODEL 

r 0CA 

70°C/W 



Use of the above model permits calculation of average 
junction temperature for any mounting situation. Lowest 
values of thermal resistance will occur when the cathode 
lead is brought as close as possible to a heat dissipator; as 
heat conduction through the anode lead is small. Terms 
in the model are defined as follows: 

•Case temperature reference 
is at cathode end. 


TEMPERATURES 


THERMAL RESISTANCES 


T/\ = Ambient 

f AA = Anode HeatSink Ambient 
Tak = Cathode HeatSink Ambient 
T LA = Anode Lead 
Tlk = Cathode Lead 
Tj = Junction 


r 0CA = Case to Ambient 

r 0SA ~ Anode Lead HeatSink to Ambient 

r 0SK “ Cathode Lead Heat Sink to Ambient 

R q la = Anode Lead 

R 0 LK = Cathode Lead 

R 0CL = Case to Cathode Lead 

R 0JC = Junction to Case 

r 0JA = Junction to Anode Lead (S bend) 
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ip, INSTANTANEOUS FORWARD CURRENT (AMP) 


1N5823, 1IM 5824, 1N5825 (continued) 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 



0.04 0.06 0 1 0.2 0.4 0.6 1 0 2 0 4.0 6.0 10 20 40 

Vr, REVERSE VOLTAGE (VOLTS) 



1.0 2.0 5 0 10 20 50 100 


NUMBER OF CYCLES 


FIGURE 9 - TYPICAL REVERSE CURRENT 



Vr, REVERSE VOLTAGE (VOLTS) 


NOTE 4 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 10). 

Rectification efficiency measurements show that operat'on will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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in 5826, in5827, <n5828 (SILICON) 


Designers Data Sheet 


HOT CARRIER POWER RECTIFIER 

. . . employing the Schottky Barrier principle in a large area metal-to-silicon power 
diode State of the art geometry features epitaxial construction with oxide passiva- 
tion and metal overlap contact Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 

• Extremely Low vp • Low Power Loss/High Efficiency 

• Low Stored Charge, Majority • High Surge Capacity 

Carrier Conduction 


Designer's Data for “Worst Case" Conditions 

The Designers* Data sheets permit the design of most circuits entirely from 
the information presented Limit curves — representing boundaries on device char- 
acteristics - are given to facilitate "worst case" design. 


^MAXIMUM RATINGS 


Rating 

Symbol 

1N5826 

1N5827 

1N5828 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

V RWM 

V R 

20 

30 

40 

Volts 

Non-Repetitive Peak Reverse Voltage 

V RSM 

24 

36 

48 

Volts 

Average Rectified Forward Current 
v R(equiv) ^0-2 V R(dc ), T c = 85°C 

<0 

15 

Amp 

Ambient Temperature 

Rated V R ( dc ), P F ( A V) = 0, 

R eJA =5 0 o C/W 

t a 

95 

90 

85 

°C 

Non-Repetitive Peak Surge Current 
(surge applied at rated load conditions, 
halfwave, single phase, 60 Hz) 

*fsm 

— 500 (for 1 cycle) — ► 

Amp 

Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 

TjTstg 

65 to +125 ► 

°C 

Peak Operating Junction Temperature 
(Forward Current Applied) 

T J(pk) 

150 ► 

°c 


^THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.5 

°C/W 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

1N5826 

1N5827 

1N5828 

Unit 

Maximum Instantaneous Forward 

V F 




Volts 

Voltage (1) 






(ip = 8.0 Amp) 


0.380 

0.400 

0.420 


(ip = 15 Amp) 


0.440 

0.470 

0.500 


(ip = 47.1 Amp) 


0.670 

0.770 

0.870 


Maximum Instantaneous Reverse 

|r 




mA 

Current @ rated dc Voltage (1) 


10 

10 

10 


T c = 100°C 


75 

75 

75 



‘Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 jus, Duty Cycle = 2.0%. 
* Trademark of Motorola Inc. 


SCHOTTKY 

BARRIER 

RECTIFIERS 

15 AMPERE 
20,30,40 VOLTS 



STYLE 1: 

1. CATHODE 

2. ANODE 



10-32 UNF-2A— H 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.77 

11.10 

0.424 

0.437 

C 

- 

10.29 

- 

0.405 

D 


6.35 

- 

0.250 

E 

1.91 

4.45 

0.075 

0.175 

F 

1.52 

- 

0.060 

- 

J 

10.72 

11.51. 

0.422 

0.453 

K 

- 

20.32 

- 

0.800 


MECHANICAL CHARACTERISTICS 

CASE; Welded, hermetically sealed 
FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 
POLARITY: Cathode to Case 

MOUNTING POSITION: Any 
STUD TORQUE: 15 in. lb. max 
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1N5826, 1N5827, 1N5828 (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vrwm- Proper derating may be accomplished by use 
of equation (1): 

T A(max) = T J(max) “ R 0JA P F(AV) ~ R 0JA P R(AV) U) 
where 

TA(max) = Maximum allowable ambient temperature 
Tj(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

P F(AV) = Average forward power dissipation 
P R(AV) = Average reverse power dissipation 
R 0 jA = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

t R =T J(max) - r 0JA p R(AV) ' < 2 > 

Substituting equation (2) into equation (1) yields: 

T A(max) = T R - R 0JA p F(AV) < 3 > 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


3 as a difference in the rate of change of the slope in the vicinity 
of 1 15°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Table I indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

v R(equiv) = V in (p K ) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find T A ( max ) for 1N5828 operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that Ipc = 

10 A (If(AV) = 5 A), l(PK)/ , (AV) = 20 - Input Voltage = 10 
V(rms), R 0JA = 5°C/W. 

Step 1: Find VR( eqU j V ). Read F = 0.65 from Table I .'. 

VR(equiv) = (1-41X10) (0.65) =9.18 V 
Step 2: Find Tr from Figure 3. Read Tr = 1 21°C @ Vr = 9.18 
& r 0JA = 5°C/W 

Step 3: Find Pp( A v) ( rom Figure 4. tRead Pp(AV) = 10 W 
•(PK) 

@ = 20 & If(aV) = 5 A 

'(AV) 

Step 4: Find T A ( max ) from equation (3). T A ( max ) = 121-(5)(10) 
= 71°C 

tValues given are for the 1N5828. Power is slightly lower for the 
other units because of their lower forward voltage. 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped d),(2) 

Load 

Resistive 

Capacitive ( 1 ) 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0.75 

1.5 

0.75 

0.75 

1.5 

1.5 


(1 ) Note that Vr(p«) ~ 2 Vj n (p|<) (2)Use line to center tap voltage for V, n . 


FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - 1N5826 FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - 1N5827 




FIGURE 3 - MAXIMUM REFERENCE TEMPERATURE - 1N5828 



FIGURE 4 - FORWARD POWER DISSIPATION 
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r(t), TRANSIENT THERMAL RESISTANCE 

(NORMALIZED) iF, INSTANTANEOUS FORWARD CURRENT (AMP) 


IN 5826, 1N5827, 1N5828 (continued) 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 


vf, INSTANTANEOUS FORWARO VOLTAGE (VOLTS) 


FIGURE 6 - MAXIMUM SURGE CAPABILITY 



1.0 2 0 5.0 10 20 50 100 


NUMBER OF CYCLES 



75 85 95 105 115 125 

Tc, CASE TEMPERATURE (°C) 


FIGURE 8 - THERMAL RESPONSE 



t, TIME (ms) 
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C, CAPACITANCE (pF) Ir, REVERSE CURRENT (NORMALIZED) 


IN 5826, IN 5827, 1N5828 (continued) 



Tc, CASE TEMPERATURE (°C) 



0.040 06 0 1 0 2 0.4 0 6 1.0 2 0 4 0 6.0 10 20 40 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 10 - TYPICAL REVERSE CURRENT 



Vr, REVERSE VOLTAGE (VOLTS) 


NOTE 2 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0 406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative ol 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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in5829, in5830, ,n5831 (SILICON) 


Designers Data Sheet 


HOT CARRIER POWER RECTIFIER 

. . . employing the Schottky Barrier principle in a large area metal-to- 
silicon power diode. State of the art geometry features epitaxial con- 
struction with oxide passivation and metal overlap contact. Ideally 
suited for use as rectifiers in low-voltage, high-frequency inverters, 
free wheeling diodes, and polarity protection diodes. 

• Extremely Low vf= • Low Power Loss/High 

• Low Stored Charge, Majority Efficiency 

Carrier Conduction • High Surge Capacity 


Designer's Data for "Worst Case” Conditions 
The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device 
characteristics — are given to facilitate "worst case” design. 


^MAXIMUM RATINGS 


Rating 

Symbol 

1N5829 

1N5830 

1N5831 

Unit 

Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Vrrm 

V RWM 

V R 

20 

30 

40 

Volts 

Non-Repetitive Peak Reverse Voltage 

V RSM 

24 36 48 

Volts 

Average Rectified Forward Current 
VR(equ,v.) <0.2 V R(dc) , T c = 85°C 

•o 

25 

Amp 

Ambient Temperature 

Rated V R(dc) , P F (AV) =0 

RflJA = 3.5°C/W 

t a 

90 

, 

85 

80 

°C 

Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions, halfwave, single phase, 

60 Hz) 

>FSM 

800 (for 1 cycle) 

Amp 

Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 

Tj- T$tg 

-*• -65 to +125 

°C 

Peak Operating Junction Temperature 
(Forward Current Applied) 

T J (pk) 

150 

°C 


♦THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.75 

°C/W 


♦ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

1N5829 

IN 5830 

1N5831 

Unit 

Maximum Instantaneous Forward 

v F 




Volts 

Voltage^) 

(ip = 10 Amp) 

0.360 

0.370 

0.380 



(ip =25 Amp) 


0.440 

0.460 

0.480 


(ip = 78.5 Amp) 


0.720 

0.770 

0.820 


Maximum Instantaneous Reverse Current 

' R 

20 

20 

20 

mA 

@Rated dc Voltage)^) (Tq = 100°C) 


150 

150 

150 



♦Indicates JEDEC Registered Data 
( 1 )Pulse T est: Pulse Width = 300 ms. Duty Cycle = 2.0% 


SCHOTTKY 

BARRIER 

RECTIFIERS 

25 AMPERE 
20, 30, 40 VOLTS 




DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

10.77 

11.10 

0.424 

0.437 

C 

_ 

10.29 

- 

0.405 

D 

- 

6.35 

- 

0.250 

E 

1.91 

4.45 

0.075 

0.175 

F 

1.52 1 

j 

0.060 


J 

10.72 

11.51 

0.422 

0.453 

K 

- 

20.32 

- 

0.800 


CASE 245-01 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion 
resistant and terminal lead is 
readily solderable. 

POLARITY: Cathode to Case 
MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in. lb. Max 
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IN 5829, IN 5830, 1N5831 (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vrwm. Proper derating may be accomplished by use 
of equation ( 1 ) : 

T A(max) = T J(max) ~ R 0JA P F(AV) - R 0JA P R(AV) (D 
where 

TA(max) = Maximum allowable ambient temperature 
Tj(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

P F(AV) = Average forward power dissipation 
P R(AV) = Average reverse power dissipation 
R#jC = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation ( 2 ): 

t R “ T J(max) ~ R 0JA P R(AV) (2) 

Substituting equation (2) into equation (1) yields: 

T A(max) = t R - r 0JA P F(AV) <3) 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Table I indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

v R(equiv) = v in(PK) x p ^ 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find T A ( max ) for 1N5831 operated in a 12- Volt dc 
supply using a bridge circuit with capacitive filter such that Iqq = 
16 A (Ip(AV) = 3 A), l(PK)/'(AV) = 20, Input Voltage = 10 
V(rms), R 0 JA = 5°C/W. 

Step 1: Find VR( e q U j v ). Read F = 0.65 from Table I 
v R(equ.v) = ( 1 -41 ) ( 10> (0.65) =9.18 V 
Step 2: Find Tr from Figure 3. Read T R = 1 13°C @ Vr = 9.18 
& r 0 JA = 5°C/W 

Step 3. Find Pf(AV) f rc > m Figure 4. 1"Read Pf(AV) = 1 2.8 W 

®!S 20&,fiavi=8A 

Step 4. Find T A ( max ) from equation (3). T/^max) = 1 13-(5) 
(12.8) = 49° C 

tValues given are for the 1N5831. Power is slightly lower for the 
other units because of their lower forward voltage. 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped ( 1 ),(2) 

Load 

Resistive 

Capacitive ( 1 ) 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0.75 

1.5 

0.75 

0.75 

1.5 

1.5 


(1 ) Note that Vr (p«) ~ 2 V, n (p«) (2)Use line to center tap voltage for V, n . 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - 1N5829 FIGURE 2 - MAXIMUM R EFERENCE TEMPERATURE - 1N5830 



2.0 3 0 4.0 5 0 7.0 10 15 20 

Vr, REVERSE VOLTAGE (VOLTS) 

FIGURE 3 - MAXIMUM REFERENCE TEMPERATURE - 1N5831 



Vr, REVERSE VOLTAGE (VOLTS) 
*No external heat sink. 



3 0 4.0 5 0 7.0 10 15 20 30 

Vr, REVERSE VOLTAGE (VOLTS) 

FIGURE 4 - FORWARD POWER DISSIPATION 



0 4.0 8.0 12 16 20 24 28 

lF(AV), AVERAGE FORWARD CURRENT (AMP) 


1-59 









f(t), TRANSIENT THERMAL 

RESISTANCE (NORMALIZED) ip, INSTANTANEOUS FORWARD CURRENT (AMP) 


1N5829, 1 N5830, 1N5831 (continued) 


FIGURE 5 - TYPICAL FORWARD VOLTAGE 


FIGURE 6 - MAXIMUM SURGE CAPABILITY 




1.0 2.0 5.0 10 20 50 100 

NUMBER OF CYCLES 


FIGURE 7 - CURRENT DERATING 



75 85 95 105 115 125 

Tc, CASE TEMPERATURE (°C) 


FIGURE 8 - THERMAL RESPONSE 



1-60 









C, CAPACITANCE (pF) l R , REVERSE CURRENT (NORMALIZED) 


1N5829, 1N5830, 1N5831 (continued) 



25 45 65 85 105 125 

Tc. CASE TEMPERATURE (°C) 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 20 40 

V Rl REVERSE VOLTAGE (VOLTS) 


FIGURE 10 - TYPICAL REVERSE CURRENT 



Vr, REVERSE VOLTAGE (VOLTS) 


NOTE 2 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the resu It of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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in 5832 , i n 58 33, i n 58 34 (silicon) 


Designers Data Sheet 


HOT CARRIER POWER RECTIFIER 

. . employing the Schottky Barrier principle in a large area metal-to-silicon power 
diode. State Of the art geometry -features epitaxial construction with oxide passiva- 
tion and metal overlap, contact. ■ Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes y and polarity protection diodes 

• Extremely Tow vp • Low Power Loss/High Efficiency 

• Low Stored Charge, Majority ■■ • High Surge Capacity 

Carrier Conduction 


Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from 
the information presented Limit curves — representing boundaries on device char- 
acteristics — are given to facilitate "worst case" design. 


^MAXIMUM RATINGS 


Rating 

Symbol 

1N5832 

1N5833 

1N5834 

Unit 

Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

V RRM 

v RWM 

v R 

20 

30 

40 

Volts 

Non-Repetitive Peak Reverse Voltage 

VrsM 

24 

36 

48 

Volts 

Average Rectified Forward Current 

^R(equiv) ^ 0 2 Vp (dc)iTQ = 75°C 

>0 

; 40 ► 

Amp 

Ambient Temperature 

Rated V R(dc ), P F ( AV ),= 0, 

R0JA = 2.0°C/W 

Ta 

100 

. 95 

90 

°C 

Non-Repetitive Peak Surge Current 
(surge applied at rated load conditions 
halfwave, single phase, "60 Hz) 

•fsm 

— * — 800;(for 1 cycle) 

Amp 

Operating and Storage Junction, 
Temperature Range (Reverse * 
voltage applied) 

Tj.T'stg 

65 to +125 

°C 

Peak Operating Junction temperature 
(Forward Current'Applied) 

T J(pk) 

— r 150 — 

°C 


^THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W 


^ELECTRICAL CHARACTER ISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

1N5832 

1N5833 

1N5834 

Unit 

Maximum Instantaneous Forward 

vp 




Volts 

Voltage( 1) 






(ip = 10 Amp) 


0.360 

0.370 

0.380 


(ip = 40 Amp) 


0.520 

0.550 

0.590 


(ip = 125 Amp) 


0.980 

1.080 

1.180 


Maximum Instantaneous Reverse 

>R 




mA 

Current @ rated dc Voltage HI 


20 

20 

20 


T C = 100°C 


150 

150 

150 



* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 jus, Duty Cycle = 2.0%. 


SCHOTTKY 

BARRIER 

RECTIFIERS 

40 AMPERE 
20,30,40 VOLTS 




DIM 

MILLIMETERS 

INCHES ] 

MIN 

MAX 

MIN 

MAX 

A 

16.94 

17.45 

0.667 

0.687 

B 

- - 

16.94 

- 

0.667 

C 

- 

11.43 . 

- 

0..450 

D 

_■ 

9.53 

- 

0.375 

E 

2.92 

5.08 

0.115 

0.200 

F 

- 

2.03 

- 

0.080 

H 

1.52 

- 

0.060 

- 

J 

10.72 

11.51 

0.422 

0.453 

K 

- 

25.40 


1.000 

L 

3.86 

- 

0.152 

- 

P 

5.59 

6.32 

0.220 

0.249 

Q 

3.56 

4.45 

0.140 

0.175 


NOTES: 

1. Dimension "P" is diameter. 

2. All JEDEC dimensions and notes apply. 


CASE 257-01 
DO-203AB 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 
POLARITY: Cathode to Case 
MOUNTING POSITION: Any 
STUD TORQUE: 25 in. lb. Max 
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1IM5832, 1N5833, 1IM5834 (continued) 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 V r WM- Pr °per derating may be accomplished by use 
of equation (1): 

T A(max) = Tj(max) - R<?j A P F(AV) ~ R 0JA P R( AV) (D 
where 

TA(max) = Maximum allowable ambient temperature 
Tj(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

P F(AV) = Average forward power dissipation 
P R(AV) = Average reverse power dissipation 
R 0JC = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

T R =T J(max) “ R 0JA P R(AV) <2) 

Substituting equation (2) into equation (1) yields: 

T A (max) = T R - R 0JA P F(AV ) (3) 

Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits. Table I indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

v R(equiv) = V jn (p K ) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find T A ( max ) for 1N5834 operated in a 12- Volt dc 
supply using a bridge circuit with capacitive filter such that Iqq = 

30 A dF(AV) =15 A), l(PK)/ | (AV) = 10, Input Voltage = 10 
V(rms), R# JA = 3°C/W. 

Step 1: Find VR( e q U j v ). Read F = 0.65 from Table I 
v R(equiv) = ( 1 0) ( 1 .4 1 ) (0.65) = 9.18 V 
Step 2: Find Tr from Figure 3. Read Tr = 1 1 8°C @ Vr = 9.18 V 
& r 0JA=3°C/W 

Step 3: Find P F ( A \/) from Figure 4.f'Read p F ( A v) = 20 W 
• ( p K) 

@ = 10 & I F ( A \/) = 15 A 

'(AV) 

Step 4: Find T A ( max ) from equation (3). T A ( max ) = 1 18-(3)(20) 
= 58° C 

tValues given are for the 1 N5834. Power is slightly lower for the 
other units because of their lower forward voltage. 


TABLE I - VALUES FOR FACTOR F 


Circuit 

Half Wave 

Full Wave, Bridge 

Full Wave, 

Center Tapped U),(2) 

Load 

Resistive 

Capacitive d ) 

Resistive 

Capacitive 

Resistive 

Capacitive 

Sine Wave 

0.5 

1.3 

0.5 

0.65 

1.0 

1.3 

Square Wave 

0.75 

1.5 

0.75 

0.75 

1.5 

1.5 


(1 ) Note that Vr (p«) ~ 2 Vj n (p«) (2)Use line to center tap voltage for Vjp- 


FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - 1N5832 FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - 1N5833 




FIGURE 3 - MAXIMUM REFERENCE TEMPERATURE - 1N5834 



4 0 5.0 7.0 10 15 20 30 40 



0 8.0 16 24 32 40 


Vr, REVERSE VOLTAGE (VOLTS) 

*No external heat sink. 


IF(AV), AVERAGE FORWARD CURRENT (AMP) 
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r(t), TRANSIENT THERMAL RESISTANCE 

(NORMALIZED) if, INSTANTANEOUS FORWARD CURRENT (AMP) 








1N5832, 1N5833, 1N5834 (continued) 


FIGURE 9 - NORMALIZED REVERSE CURRENT 


FIGURE 10- TYPICAL REVERSE CURRENT 




Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 11 - CAPACITANCE 



NOTE 2 HIGH FREQUENCY OPERATION 

Since current flow inaSchottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0 28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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,n5837A 

thru 

in5897A 


500 mW UNIBLOC SILICON OXIDE-PASSIVATED 
ZENER REGULATOR DIODES 

Highly reliable silicon regulators utilizing an oxide-passivated junc- 
tion for long-term voltage stability. Supplied in the popular TO-92 
plastic package for the high volume requirements of the consumer 
industry. 

• In-Line Leads for Easy Insertion 

• Lower Cost in High Volume 

• Electrically Similar to the Popular Surmetic 20 Series 

"1N5221 - 1N5281" 

• Wide Voltage Selection — 2.4-200 V 


* MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

DC Power Dissipation @ T[_ = 55°C 

Lead Length = 1/4" 

PD 

500 


Derate above 55°C (Figure 1) 


5.26 


Operating and Storage Junction 
Temperature Range 

T jTstg 


o 

o 


‘Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable and weldable 

POLARITY: Cathode indicated by color dot. (When operated in zener mode, cathode will be 
positive with respect to anode.) 

MOUNTING POSITION: Any 
WEIGHT: 0.18 gram (approx) 



0 20 40 60 80 100 120 140 

TL, LEAD TEMPERATURE (°C) 


UNIBLOC 

ZENER REGULATOR DIODES 

500 MILLIWATTS 
2.4 thru 200 VOLTS 



. r~ 

t B r 


r 

f H 

E V 

F— — 


“T L | 

A 

A 

— L K 

J. 

D— *- 

Tic f> 

j L- :~o 


ni R 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0170 

0.210 

B 

4.45 

5.21 

0.175 

0.205 

C 

3.18 

4.19 

0.125 

0.165 

D 

0 356 

0.533 

0 014 

0.021 

1 

0.407 

0.482 

0.016 

0.019 

6 

1.27 

BSC 

0.05 

BSC 

H 

- 

1 27 

- 

0.050 

J 

2.54 

i BSC 

0.10C 

1 BSC 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

N 

2.03 

2.66 

0.080 

0.105 

P 

2.93 

( 

0.115 

- 

R 

3.43 

- 

0.135 

- 
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1N5837A thru 1N5897A (continued) 


ELECTRICAL CHARACTERISTICS Guaranteed when measured at 90 seconds while maintaining the lead temperature 
T |_ = 30 ± 1°C, 3/8" from the diode body (Vp = 15 Volts Max at Ip - 200 mAdc for all types.) 


Motorola 
Type 
Number 
(Note 1) 

Nominal 
Zener Voltage* 
V 2 @ l Z T 
Volts 

(Note 2) 

Test 

Current* 

<ZT 

mA 

Max. Zener Impedance * 

Max. 

Leakage 

everse * 

Current 

t V R 
volts 

Maximum 

DC 

Zener 

Current 

*ZM* 

mAdc 

Maximum 
Surge 
Current 
■z (surge)* 
mAdc 
(Note 4) 

Typical 
Zener Voltage 
Temp. Coeff. 
0 V2 (%/°C) 
(Note 3) 

Z Z T@ >ZT 
Ohms 

Zzk @ IZK = 0-25 mA 
Ohms 

1 R 

luA 

1N5837A 

2 4 

20 

50 

2100 

100 

1.0 

210 

1041 7 

-1 03 

1N5838A 

2 5 

20 

50 

2100 

100 

1 0 

200 

1000 0 

- 1 03 

1N5839A 

2 7 

20 

50 

2200 

75 

1.0 

185 

925 9 

-1 01 

1 N5840 A 

2 8 

20 

50 

2200 

75 

1 0 

179 

892 9 

-1 00 

1N5841 A 

3 0 

20 

50 

2300 

50 

1 0 

167 

833 3 

-0 09 

1N5842A 

3 3 

20 

50 

2500 

25 

1 0 

151 

757 6 

-0.068 

1N5843A 

3.6 

20 

48 

2700 

15 

1 0 

139 

694 4 

0 05 1 

1N5844A 

3.9 

20 

40 

2800 

10 

1 0 

129 

641 0 

- 0 034 

1N5845A 

4 3 

20 

25 

2900 

5 0 

1 0 

116 

581.4 

0 010 

1N5846A 

4 7 

20 

19 

2600 

5 0 

2 0 

106 

531.9 

+ 0 012 

1N5847 A 

5 1 

20 

17 

2400 

5.0 

2 0 

98 

490 2 

+ 0 025 

1N5848A 

5 6 

20 

15 

2100 

5 0 

3.0 

89 

446 4 

+ 0.035 

1 N 58 49 A 

6 0 

20 

13 

1900 

5 0 

3 5 

83 

416 7 

+ 0.041 

1N5850A 

6 2 

20 

14 

1500 

5 0 

4.0 

80 

403 2 

+ 0.043 

1N5851A 

6 8 

20 

17 

780 

3 0 

5.0 

74 

367 6 

+ 0.050 

1N5852A 

7 5 

20 

23 

700 

3.0 

6 0 

67 

333.3 

+ 0.055 

1N5853A 

8 2 

20 

34 

7 00 

3.0 

6 5 

61 

304 9 

+ 0.059 

1N5854A 

8 7 

20 

44 

700 

3 0 

6.5 

57 

287.4 

+ 0.061 

1N5855A 

9 1 

20 

50 

700 

3 0 

7 0 

55 

274.7 

+ 0.062 

1N5856A 

10 

20 

62 

700 

3 0 

8 0 

50 

250 0 

+ 0.066 

1N5857 A 

1 1 

20 

68 

700 

2 0 

8 4 

45 

227.3 

+ 0 068 

1N5858A 

12 

20 

70 

700 

1 0 

9 1 

41.5 

208 3 

+ 0 070 

1N5859A 

13 

9 5 

70 

700 

05 

9 9 

38 5 

538 5 

+ 0 072 

1N5860A 

14 

9 0 

70 

700 

0 1 

10 

35.5 

500.0 

+ 0.074 

1N5861 A 

15 

8 5 

34 

700 

0 1 

11 

33 

466 7 

+ 0.076 

1N5862A 

16 

7 8 

38 

700 

0 1 

12 

31 

437.5 

+ 0 077 

1N5863A 

17 

7.4 

42 

7 00 

0.1 

13 

29 

41 1 8 

+ 0.078 

1N5864A 

18 

7 0 

48 

7 00 

0.1 

14 

28 

388 9 

+ 0.079 

1N5865A 

19 

6 6 

52 

700 

0 T 

14 

26 

368.4 

+ 0.080 

1N5866A 

20 

6 2 

57 

700 

0.1 

15 

25 

350.0 

+ 0 080 

1N5867A 

22 

5 6 

68 

700 

0 1 

17 

22.6 

318.2 

+ 0.082 

1N5868A 

24 

5 2 

78 

700' 

0.1 

18 

21 7 

291.7 

+ 0.083 

1N5869A 

25 

5.0 

85 

700 

0.1 

19 

20 

280 0 

+ 0.083 

1N5870A 

27 

4.6 

98 

700 

0 1 

21 

18.5 

259 3 

+ 0.084 

1N5871 A 

28 

4 5 

105 

700 

0.1 

21 

17.9 

250 0 

+ 0.084 

1N5872A 

30 

4 2 

117 

700 

0.1 

23 

16.7 

233 3 

+ 0.085 

1N5873A 

33 

3 8 

140 

700 

0.1 

25 

15.1 

212.1 

+ 0.086 

1N5874A 

36 

3 4 

160 

700 

0.1 

27 

13 9 

194 4 

+ 0.087 

1N5875A 

39 

3 2 

190 

800 

0 1 

30 

12.9 

179 5 

+ 0.087 

1N5876A 

43 

3 0 

225 

900 

0.1 

33 

11.6 

162.8 

+ 0.088 

1N5877A 

47 

2 7 

260 

1000 

0 1 

36 

10.6 

148.9 

+ 0 088 

1N5878A 

51 

2 5 

300 

1100 

0.1 

39 

9.8 

137 3 

+ 0.089 

1N5879A 

56 

2 2 

360 

1300 

0 1 

43 

8.9 

125.0 

+ 0.089 

1N5880A 

60 

2 1 

410 

1500 

0.1 

46 

8.3 

1 16.7 

+ 0.090 

1N5881 A 

62 

2.0 

430 

1600 

0.1 

47 

8.0 

1 12.9 

+ 0 090 

1N5882A 

68 

1.8 

520 

1900 

0.1 

52 

7 4 

102.9 

+ 0.090 

1N5883A 

75 

1.7 

600 

2300 

0,1 

56 

i 67 

93.3 

+ 0.090 

1N5884A 

82 

1 5 

7 00 

2700 

0.1 

62 

6.1 

85.4 

+ 0.090 

1N5885A 

87 

1.4 

780 

3100 

0.1 

68 

5.7 

80.5 

+ 0 091 

1N5886A 

91 

1.4 

840 

3400 

0.1 

69 

5.5 

76.9 

+ 0.091 

1 N 588 7 A 

100 

1.3 

1000 

4000 

0.1 

76 

5.0 

50.0 

+0 091 

1N5888A 

1 10 

1 1 

1200 

5000 

0.1 

84 

4.5 

45 5 

+ 0.091 

1N5889A 

120 

1.0 

1400 

5100 

0.1 

91 

4.1 

41.7 

+ 0.092 

1N5890A 

130 

0.95 

1600 

5200 

0.1 

99 

3.8 

38.5 

+ 0.092 

1N5891 A 

140 

0.90 

1800 

5300 

0 1 

106 

3.5 

35.7 

+ 0.092 

1N5892A 

150 

0 85 

2100 

5400 

0 1 

1 14 

3.3 

33.3 

+ 0.092 

1N5893A 

160 

0.80 

2300 

5500 

0.1 

122 

3.1 

l 31.2 ; 

+ 0.092 

1N5894A 

170 

0 74 

2600 

5600 

0 1 

129 

29 

29 4 

+ 0.092 

1N5895A 

180 

0.68 

2900 

6000 

0.1 

137 

2.8 

27.8 

+ 0 092 

1N5896A 

190 

0.66 

3200 

6500 

0 1. 

144 

2.6 

26.3 

+ 0.093 

1N5897A 

200 

0.65 

3500 

7000 

0 1 

152 

2.5 

25.0 

+ 0.093 


* I ndicates JE DEC Registered Data. 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance designation — The type numbers listed indicate a toler- 
ance of +10%. Device tolerances of ±5% are indicated by a "B" 
suffix; +2% by a "C" suffix, ±1% by a "D" suffix. ±20% tolerance 
should be designated as below with no suffix. 

Non-Standard voltage designation — To designate units with zener 
voltages other than those assigned the Motorola type number 
should be used. 

EXAMPLE: 

M. _Z_ _S£ _ _65_ _A_ 

Motorola Zener Diode Series Nominal Voltage Tolerance 

(+%) 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 

(a) Nominal zener voltages between those shown. 

(b) Matched sets: (Standard Tolerances are ±5.0%, ±2.0%, +1 .0%) 

a. Two or more units for series connection with specified 
tolerance on total voltage. Series matched sets make 
zener voltages in excess of 200 volts possible as well as 


providing lower temperature coefficients, lower dynamic 
impedance and greater power handling ability, 
b. Two or more units matched to one another with any 
specified tolerance. 

NOTE 3 - TYPICAL TEMPERATURE COEFFICIENT (0 VZ ) 

Test conditions for temperature coefficient are as follows: 
a. I Z T = 7.5 mA, T-| = 25°C 

T 2 = 1 25°C (MZ92-2,4A,B thru MZ92-12A,B). 
b l ZT = Rated l ZT , T 1 = 25°C 

T 2 = 1 25°C (MZ92-13A,B thru MZ92-200A,B) 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 

NOTE 4- l Z ( S urge) NON- REPETITIVE 

The rating listed in the electrical characteristics table is maximum 
peak, non-repetitive, reverse surge current of 1/2 square wave or 
equivalent sine wave pulse of 1/120 second duration superimposed 
on the test current, I Z t, per JEDEC registration. 
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in5909 

(Formerly MLED455) 


VISIBLE RED LIGHT-EMITTING DIODE 

. . . designed for panel mount applications where small size and plug- 
in package are desirable. 

• JEDEC Registered for Guaranteed Mechanical and Electrical 

Conformity 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid-State Reliability 

• Red Diffusing Lens 

• 1C Compatible — Low Power Consumption 

• Wide Viewing Angle — 75° 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

VR 

4.0 

Volts 

‘forward Current — = 25°C 

<F 

35 

mA 

*Peak Pulse Current 

(Pulse Width = 1 .0 ms, f = 10 kHz) 

■F 

1000 

mA 

Total Power Dissipation @ - 25°C 

PD 

75 

mW 

Derate above 25°C 


1.0 

mW/°C 

Operating and Storage 

Temperature Range 

T A- T stg 

-40 to +100 

°C 


^THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Soldering Temperature 

1/16” from Case for 10 seconds 

~ 

240 

°C 


•Indicates JEDEC Registered Data. 



MINIATURE 

LIGHT EMITTING DIODE 
VISIBLE RED 
PN GALLIUM 
ARSENIDE PHOSPHIDE 



r-N 


r 


dh 


/Tl\ f NOTE: 

V° “TT 1. CATHODE 

N ' ' o awnnc 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

3.68 

3.94 

0.145 

0.155 

B 

2.92 

3.18 

0.115 

0.125 

C 

4.95 

5.21 

0.195 

0.205 

0 

0.38 

0.48 

0.015 

0.019 

E 

0.76 

1.02 

0.030 

0.040 

F 

0.20 

0.30 

0.008 

0.012 

G 

2.41 

2.67 

0.095 

0.105 

J 

1.78 

2.03 

0.070 

0.080 

K 

12.70 

- 

0.500 

- 
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1N5909 (continued) 


*E LECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 


Characteristic 

Fig. No. 

Symbol 

Min 

HE9H 

Max 

Unit 

Reverse Breakdown Voltage 

Or = 100 mA) 

- 

BVr 

4.0 

- 

- 

Volts 

Forward Voltage 
(Ip = 20 mA) 

2 

v f 

~ 

1.6 

2.0 

Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted). 


*Axial Luminous Intensity(l) 

(IF = 20 mA) 


•o 

0.3 

1.2 

- 

mcd 

Effective Luminous Area 

- 

- 


0.01 

- 

Square- Inch 
Circle 

Peak Emission Wavelength 

_ 

Xp 

_ 

660 

_ 

nM 

Spectral Line Half Width 

- 


- 

30 

- 

nM 


(1) Axial Luminous Intensity (l Q ) is measured using an International Commission on Illumination 
corrected Photometer and a measurement solid angle of 0.003 Steradian. 

* Indicates JEDEC Registered Data. 


TYPICAL CHARACTERISTICS 



1.461 l I I I L -L.-J I I 1 1 1 

3.5 5.0 7.0 10 15 20 25 35 

If, FORWARD CURRENT (mA) 


FIGURE 3 - AXIAL LUMINOUS INTENSITY versus 
JUNCTION TEMPERATURE 



FIGURE 4 - AXIAL LUMINOUS INTENSITY 
versus FORWARD CURRENT 


FIGURE 5 - SPATIAL RADIATION PATTERN 



2.0 4.0 6.0 10 20 40 

If, CONTINUOUS FORWARD CURRENT (mA) 
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in5910 

(Formerly MLED650) 


VISIBLE RED LIGHT-EMITTING DIODE 

. . . ideally suited for panel mount indicator applications in panels 
up to 0.125 inches thick. 

• JEDEC Registered for Guaranteed Mechanical and 

Electrical Conformity 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid State Reliability 

• Wide Viewing Angle 

• Red Diffusing Lens 


MAXIMUM RATINGS j 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

4,0 

Volts 

‘Forward Current — = 25°C 

»F 

60 

mA 

‘Peak Pulse Current 

(Pulse Width = 1 .0 ms, f = 1 0 kHz) - 

' F 

1000 

mA 

‘Total Power Dissipation @ = 25°C 

Derate above 25°C 

PdU) 

125 

1.67 

mW 

mW/°C 

‘Operating and Storage 

Temperature Range 

t A- T stg 

-40 to +100 

°c - 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

600 

°C/W 

‘Soldering Temperature — 

1/16" From Case for 10 Seconds 


240 

°c 

(1 ) Mounted in metal panel 

‘Indicates JEDEC Registered Data. 
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O 

NORMALIZED RADIOMETRIC OUTPUT 3 ) 
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NORMALIZED RADIOMETRIC OUTPUT versus WAVELENGTH 
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610 620 630 640 650 660 670 680 690 700 710 

X, WAVELENGTH (nM) 


PANEL MOUNT 
LIGHT EMITTING DIODE 
VISIBLE RED 
PN GALLIUM 
ARSENIDE PHOSPHIDE 



■ / 

- B — 

1 


) t 

c 

/“' 

SEATING 

PLANE 

G — 


J 1 

K 

— — D 



STYLE 1. 

PIN 1. CATHODE 
2 ANODE 


MILLIMETERS I 

INCHES J 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

5.72 

5.97 

0.225 

0.235 

e 

4.95 

5.21 

0.195 

0.205 

C 

8.38 

8.89 

0.330 

0.350 

D 

0.41 

0.51 

0.016 

0.020 

E 

0.64 

0.89 

0.025 

0.035 

F 

0.30 

0.46 

0.012 

0.018 

G 

2.44 

2.64 

0.096 

0.104 

J 

2.44 

2.54 

0.096 

0.100 

K 

12.57 

13.21 

0.495 

0.520 

Rj 

2.54 | 

2.79 

0.100 

0.110 


CASE 279-01 
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I 0 , LUMINOUS INTENSITY (mcd) Vp FORWARD VOLTAGE (VOLTS) 


1N5910 (continued) 


^ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 100 mA) 

- 

BVr 

4.0 


- 

Volts 

Forward Voltage 
(l F =20 mA) 

2 

Vp 

- 

1.6 

2.0 

Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 










in5911 

(Formerly MLED750) 


VISIBLE GREEN LIGHT-EMITTING DIODE 

. . . ideally suited for panel mount indicator applications in panels 
up to 0.125 inches thick. 

• JEDEC Registered for Guaranteed Mechanical and 

Electrical Conformity. 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid State Reliability 

• Wide Viewing Angle — 90° 

• Green Diffusing Lens 


PANEL MOUNT 
LIGHT EMITTING DIODE 
VISIBLE GREEN 
PN GALLIUM PHOSPHIDE 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

4.0 

Volts 

"Forward Current — T^ = 25°C 

IF 

35 

mA 

*Peak Pulse Current 

(Pulse Width = 1 .0 ms, f = 1 0 kHz) 

•F 

1000 

mA 

"Total Power Dissipation @ T/\ = 25°C 

Derate above 25°C 

p D n) 

125 

1.67 

mW 

mW/°C 

"Operating and Storage 

Temperature Range 

^A'^stg 

-40 to +100 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

600 

°c/w 

"Soldering Temperature — 

1/16" from Case for 10 Seconds 

— 

240 

°c 

(1) Mounted in metal panel 

"Indicates JEDEC Registered Data. 




STYLE 1 

PIN 1 CATHODE 
2 ANODE 


— B — 



t 

c 

_L 1 


/ 


SEATING 

PLANE 





MILLIMETERS | 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

5.72 

5.97 

0.225 

0.235 

B 

4.95 

5.21 

0.195 

0.205 

. c 

8.38 

8.89 

0.330 

0.350 

D 

0.41 

0.51 

0.016 

0.020 

E 

0.64 

0.89 

0.025 

0.035 

F 

0.30 

0.46 

0.012 

0.018 

G 

2.44 

2.64 

0.096 

0.104 

J 

2.44 

2.54 

0.096 

0.100 

K 

12.57 

13.21 

0.495 

0.520 

R 

2.54 

2.79 

0.100 

0.110 
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1N591 1 (continued) 


^ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted ) 


Characteristic 

Figure No. 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 100 A) 

- 

BVr 

4.0 

- 

- 

Volts 

Forward Voltage 
(lF = 25 mA) 

2 

Vf 

- 

2.1 

3.0 

Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Figure No. 

Symbol 

Min 

Typ 

Max 

Unit 

* Axial Luminous Intensity (1) 

(l F = 25 mA) 

3,4,5 

•o 

0.3 

0.5 

- 

mcd 

Effective Luminous Area 

- 

- 

- 

0.03 

- 

Square-Inch 

Circle 

Peak Emission Wavelength 

- 

Xp 

- 

560 

- 

nM 

Spectral Line Half Width 

- 

AX 

_ 

30 

- 

nM 


indicates JEDEC Registered Data. 

(1) Axial Luminous Intensity (l 0 ) is measured using an International Commission on Illumination corrected Photometer and a measurement 
solid angle of 0.003 Steradian. 


TYPICAL CHARACTERISTICS 

FIGURE 3 - AXIAL LUMINOUS INTENSITY 

FIGURE 2 - FORWARD CHARACTERISTICS versus JUNCTION TEMPERATURE 



If, FORWARD CURRENT (mA) 



Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 4 - AXIAL LUMINOUS INTENSITY 
versus FORWARD CURRENT 



IF, CONTINUOUS FORWARD CURRENT 


FIGURE 5 - SPATIAL RADIATION PATTERN 
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in5912 

(Formerly MLED850) 


VISIBLE YELLOW LIGHT-EMITTING DIODE 

. . . ideally suited for panel mount indicator applications in panels 
up to 0.125 inches thick. 

• JEDEC Registered for Guaranteed Mechanical and 

Electrical Conformity. 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid State Reliability 

• Wide Viewing Angle — 90° 

• Yellow Diffusing Lens 


PANEL MOUNT 
LIGHT EMITTING DIODE 
VISIBLE YELLOW 
PN GALLIUM PHOSPHIDE 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

V R 

4.0 

Volts 

•Forward Current — T/\ = 25°C 

'F 

35 

mA 

*Peak Pulse Current 

(Pulse Width = 1 .0 ms, f = 1 0 kHz) 

'F 

1000 

m A 

•Total Power Dissipation @ = 25°C 

Derate above 25°C 

p D n) 

125 

1.67 

mW 

mW/°C 

‘Operating and Storage Junction 

Temperature Range 

Ta ' T stg 

-40 to +100 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

FWD 

600 

°C/W 

•Soldering Temperature — 

1/16" from Case for 10 Seconds 

~ 

240 

°c 

(1) Mounted in metal panel 

•Indicates JEDEC Registered Data. 




STYLE 1 

PIN 1 CATHODE 
2 ANODE 




N 


SEATING 

PLANE 






MILLIMETERS ! 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

5.72 

5.97 

0.225 

0.235 

B 

4.95 

5.21 

0.195 

0.205 

C 

8.38 

8.89 

0.330 

0.350 

D 

0.41 

0.51 

0.016 

0.020 

E 

0.64 

0.89 

0.025 

0.035 

F 

0.30 

0.46 

0.012 

0.018 

G 

2.44 

2.64 

0.096 

0.104 

J 

2.44 

2.54 

0.096 

0.100 

K 

12.57 

13.21 

0.495 

0.520 

R 

2.54 

2.79 

0.100 

0.110 
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IQ, LUMINOUS INTENSITY (mcd) 


1 N5912 (continued) 


♦ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Figure No. 

Symbol 

■son 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(l R = 1 00 pA) 

- 

BVr 

4.0 

- 

~ 

Volts 

Forward Voltage 
(l F = 25 mA) 

2 

Vf 

- 

2.1 

3.0 

Volts 


OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Figure No. 

Symbol 

Min 

Typ 

Max 

Unit 

‘Axial Luminous Intensity (1) 

(Ip = 25 mA) 

HI 

lo 

0.3 

0.8 

- 

mcd 

Effective Luminous Area 

- 

- 

- 

0.03 

- 

Square-Inch 

Circle 

Peak Emission Wavelength 

- 

Ap 

- 

575 

- 

nM 

Spectral Line Half Width 

- 

A\ 

- 

30 

- 

nM 


‘Indicates JEDEC Registered Data: 

(1 ) Axial Luminous Intensity (l D ) is measured using an International Commission on Illumination corrected Photometer and a measurement 
solid angle of 0.003 Steradian. 


TYPICAL CHARACTERISTICS 


FIGURE 2 - FORWARD CHARACTERISTICS 


FIGURE 3 - AXIAL LUMINOUS INTENSITY 
versus JUNCTION TEMPERATURE 



Ip, FORWARD CURRENT (mA) 



Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 4 - AXIAL LUMINOUS INTENSITY 
versus FORWARD CURRENT 


FIGURE 5 - SPATIAL RADIATION PATTERN 



IF, CONTINUOUS FORWARD CURRENT 
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in5913 (SILICON) 

thru 


in5956 


1.5 WATT HERMETICALLY SEALED GLASS 
SILICON ZENER DIODES 

... A completely new line of 1.5-Watt Zener Diodes offering the 
following advantages: 

• Complete Voltage Range - 3.3 to 200 Volts 

• DO-41 Package — Smaller than Conventional Metal Devices 

• Double Slug Type Construction — Mobile Particle Problem 

Eliminated 

• Metallurgical^ Bonded Construction 

• JEDEC Registered Parameters 

• Oxide Passivated Diode 


GLASS ZENER DIODES 

1.5 WATTS 
3.3 - 200 VOLTS 


* MAX I MUM RATINGS 


Rating 

Symbol 

Value 

Unit 

DC Power Dissipation @ Tl = 75°C, 

Lead Length - 3/8" 

PD 

1.5 

Watts 

Derate above 75°C 


12 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj/T st g 

-55 to +200 

°C 



“Indicates JEDEC Registered Data. 


MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16" from 
case for 10 seconds 

FINISH: All external surfaces are corrosion resistant with readily solderable leads 
POLARITY: Cathode indicated by color band. When operated in zener mode, cathode will 
be positive with respect to anode. 

MOUNTING POSITION: Any 



© 


Lb 


a 


a i 

e:ii 

t 


NOTE 

1 POLARITY DENOTED BY 
CATHODE BAND 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.07 

5.20 

0.160 

0.205 

B 

2.04 

17 n 

0.080 

0.107 

0 

0.71 

0.86 

0.028 

0.034 

F 

- 

1.27 

- 

0.050 

K 

27.94 

- 

1.100 

- 


All JEDEC dimensions and notes apply , 


CASE 59-03 
DO-41 
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1N5913thru 1N5956(continued) 


♦ELECTRICAL CHARACTERISTICS (T L = 30°C unless otherwise noted.) (V F = 1.5 Volts Max @ Ip * 200 mAdc for all types.) 


Motorola 
Type 
Number 
(Note 1) 

Nominal 
Zener Voltage 
V Z @I ZT 
Volts 
(Note 2) 

Test 

Current 

«ZT 

mA 

Max. Zener Impedance 

Max. Reverse 

Leakage Current 

|R @ V R 

/iA Volts 

Maximum DC 
Zener 
Current 

*ZM 

mAdc 

Z ZT @ IZT 

Ohms 

ZZK 

Ohms 

® IZK 
mA 

1N5913 

3.3 

1 13.6 

10 

500 

1.0 

100 

1.0 

454 

IN 591 4 

3.6 

104.2 

9.0 

500 

1.0 

75 

1.0 

416 

1 N 591 5 

3.9 

96.1 

7.5 

500 

1.0 

25 

1.0 

384 

1N5916 

4.3 

87.2 

6.0 

500 

1.0 

5.0 

1.0 

348 

1N5917 

4.7 

79.8 

5.0 

500 

1.0 

5.0 

1.5 

319 

1N5918 

5.1 

73.5 

4.0 

350 

1.0 

5.0 

2.0 

294 

IN 591 9 

5.6 

66.9 

2.0 

250 

1 .0 

5.0 

3.0 

267 

IN 5920 

6.2 

60.5 

2.0 

200 

1.0 

5.0 

4.0 

241 

1N5921 

6.8 

55.1 

2.5 

200 

1.0 

5.0 

5.2 

220 

IN 5922 

7.5 

50.0 

3.0 

400 

0.5 

5.0 

6.0 

200 

IN 5923 

8.2 

45.7 

3.5 

400 

0.5 

5.0 

6.5 

182 

IN 5924 

9.1 

41.2 

4.0 

500 

0.5 

5.0 

7.0 

164 

IN 5925 

10 

37.5 

4.5 

500 

0.25 

5.0 

8.0 

150 

IN 5926 

11 

34.1 

5.5 

550 

0.25 

1.0 

8.4 

136 

IN 5927 

12 

31.2 

6.5 

550 

0.25 

1.0 

9.1 

125 

IN 5928 

13 

28.8 

7.0 

550 

0.25 

1.0 

9.9 

115 

IN 5929 

15 

25.0 

9.0 

600 

0.25 

1.0 

11.4 

100 

IN 5930 

16 

23.4 

10 

600 

0.25 

1.0 

12.2 

93 

1 N 593 1 

18 

20.8 

12 

650 

0.25 

1.0 

13.7 

83 

IN 5932 

20 

18.7 

14 

650 

0.25 

1.0 

15.2 

75 

IN 5933 

22 

17.0 

17.5 

650 

0.25 

1.0 

16.7 

68 

IN 5934 

24 

15.6 

19 

700 

0.25 

1.0 

18.2 

62 

IN 5935 

27 

13.9 

23 

700 

0.25 

1.0 

20.6 

55 

IN 5936 

30 

12.5 

28 

750 

0.25 

1.0 

22.8 

50 

1 N 593 7 

33 

11.4 

33 

800 

0.25 

1.0 

25.1 

45 

IN 5938 

36 

10.4 

38 

850 

0.25 

1.0 

27.4 

41 

IN 5939 

39 

9.6 

45 

900 

0.25 

1.0 

29.7 

38 

IN 5940 

43 

8.7 

53 

950 

0.25 

1.0 

32.7 

34 

IN 5941 

47 

8.0 

67 

1000 

0.25 

1.0 

35.8 

31 

IN 5942 

51 

7.3 

70 

1100 

0.25 

1 .0 

38.8 

29 

IN 5943 

56 

6.7 

86 

1300 

0.25 

1.0 

42.6 

26 

IN 5944 

62 

6.0 

100 

1500 

0.25 

1.0 

47.1 

24 

IN 5945 

68 

5.5 

120 

1700 

0.25 

1.0 

51.7 

22 

IN 5946 

75 

5.0 

140 

2000 

0.25 

1.0 

56.0 

20 

IN 5947 

82 

4.6 

160 

2500 

0.25 

1.0 

62.2 

18 

IN 5948 

91 

4.1 

200 

3000 

0.25 

1.0 

69.2 

16 

IN 5949 

100 

3.7 

250 

3100 

0.25 

1.0 

76.0 

15 

IN 5950 

110 

3.4 

300 

4000 

0.25 

1.0 

83.6 

13 

IN 5951 

120 

3.1 

380 

4500 

0.25 

1.0 

91.2 

12 

IN 5952 

130 

2.9 

450 

5000 

0.25 

1.0 

98.8 

11 

IN 5953 

150 

2.5 

600 

6000 

0.25 

1.0 

114 

10 

IN 5954 

160 

2.3 

700 

6500 

0.25 

1.0 

121.6 

9.0 

IN 5955 

180 

2.1 

900 

7000 

0.25 

1.0 

136.8 

8.0 

IN 5956 

200 

1.9 

1200 

8000 

0.25 

1.0 

152 

7.0 


‘Indicates JEDEC Registered Data. 


NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance designation - The type numbers listed indicate a toler- 
ance of ±20%. Device tolerances of ±.10% are indicated by an "A" 
suffix, +5% by a "B" suffix, ±2% by a “C" suffix, +.1% by a "D" 
suffix. 

Non-Standard voltage designation — To designate units with zener 
voltages other than those assigned the Motorola type number 
should be used. 

EXAMPLE: 

M Z G 41 _ 6.0 A 

Motorola Zener Glass Series Nominal Voltage Tolerance 

(±%) 


NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 

(a) ' Nominal zener voltages between those shown. 

(b) Matched sets' (Standard Tolerances are ±5.0%, ±2.0%, ± 1 .0%) 

a. Two or more units for series connection with specified 
tolerance on total voltage. Senes matched sets make 
zener voltages in excess of 200 volts possible as well as 
providing lower temperature coefficients, lower dynamic 
impedance and greater power handling ability 

b. Two or more units matched to one another with any 
specified tolerance. 
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eyz, TEMPERATURE COEFFICIENT (mV/°C) 


1N5913 thru 1N5956 (continued) 


TYPICAL CHARACTERISTICS 

TEMPERATURE COEFFICIENTS (-55°C to +150°C temperature range) 


FIGURE 2 - ZENER VOLTAGE - TO 12 VOLTS 


FIGURE 3 - ZENER VOLTAGE ~ 14 TO 200 VOLTS 




10 20 30 50 70. 100 200 

Ml, ZENER VOLTAGE (VOLTS) 


ZENER IMPEDANCE 




a.u iu zu au iuu /'uu Duu 5 0 7 0 10 20 30 

IZ, ZENER TEST CURRENT (mA) Vz, ZENER VOLTAGE (VOLTS) 


1-78 




2N...3N...& 4N...JEDEC REGISTERED 
DEVICE SPECIFICATIONS 


2-1 



2n5016 (SILICON) 





2-2 



2N5016 (continued) 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic | Symbol [ Min | Typ | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(! c = 200 mAdc, l B = 0) 

v CEO(sus) 

30 

_ 


Vdc 

Collector-Emitter Sustaining Voltage (1) 

v CER(sus) 

40 

- 

- 

Vdc 

(Iq = 200 mAdc, RgE = 30 ohms) 






Collector Cutoff Current 

>CEV 




mAdc 

(V CE = 60 Vdc, VEB(off) = 15 Vdc) 


- 

- 

10 


(V C E = 30 Vdc, V EB ( 0ff ) = 1.5 Vdc, T c = 150°C) 


— 

- 

10 


Emitter Cutoff Current 

>EBO 

- 

- 

5.0 

mAdc 

(V EB - 4.0 Vdc, Iq = 0) 




1 



ON CHARACTERISTICS 


DC Current Gain 

hFE 





(l c = 500 mAdc, V CE = 4.0 Vdc) 


10 


200 


(l c = 4.5 Adc, V CE = 4.0 Vdc) 


3.0 





DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(l c - 500 mAdc, V CE = 15 Vdc, f = 400 MHz) 

fT 

500 



MHz 

Output Capacitance 

(V CB = 30 Vdc, l E = 0, f - 1.0 MHz) 

^ob 

' 

20 

25 

pF 


FUNCTIONAL TEST 


Power Input 

< p out = 15 W, V cc = 28 Vdc, f = 400 MHz) 

p in 


~~ 

5.0 

Watt 

Collector Efficiency 

(P in = 5.0 W, P out = 15 W, V CC = 28 Vdc, f = 400 MHz) 

V 

50 



% 


Indicates JEDEC Registered Data. 

(1) Pulsed thru 25 mH Inductor @ 50% Duty Cycle. 

(2) fy is defined as the frequency at which |hf e j extrapolates to unity. 


FIGURE 1 - 400 MHz POWER OUTPUT TEST CIRCUIT 
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t, OUTPUT POWER (WATTS) p out/ OUTPUT POWER (WATTS) Pout, OUTPUT POWER (WATTS) 



150 200 250 300 400 5Q0 600 

f, FREQUENCY (MHz) 


FIGURE 4 - POWER OUTPUT versus POWER INPUT 



0 0.5 1.0 1 5 2.0 2.5 


P m , INPUT POWER (WATTS) 



5.0 


1C, COLLECTOR CURRENT (AMPS) P out , OUTPUT POWER (WATTS) Pout, OUTPUT POWER (WATTS) 










C 0 ut. OUTPUT CAPACITANCE (pF) R m . INPUT RESISTANCE (OHMS) C m , INPUT CAPACITANCE (pF) 


2N5016 (continued) 


PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 


FIGURE 8 - V cc = 13.6 Vdc 


FIGURE 9 - V cc = 28 Vdc 





















y 


- = 7 R \A/ - 





r o u t / o vv 






, 

Pout = 15 W 


- 




200 250 300 350 400 150 200 250 300 

f, FREQUENCY (MHz) f, FREQUENCY (MHz) 

PARALLEL EQUIVALENT INPUT RESISTANCE versus FREQUENCY 


FIGURE 10 - V CC = 13.6 Vdc 
























, 

— 

— 
























FIGURE 1 1 - V cc = 28 Vdc 




"Pout =7.5W" 


200 250 300 350 400 

f, FREQUENCY (MHz) 



150 200 250 300 

f, FREQUENCY (MHz) 


PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 


FIGURE 12 - V rr = 13.6 Vdc 













_ Pout = 7.5 W. 




















FIGURE 13 - V cc = 28 Vdc 

i i r 



200 250 300 350 400 

f, FREQUENCY (MHz) 


200 250 300 

f, FREQUENCY (MHz) 








2n5031 (SILICON) 
2n5032 


NPN SILICON RF SMALL-SIGNAL TRANSISTORS 


. . . designed primarily for use in high-gain, low-noise, small-signal 
amplifiers in military and industrial equipment. Suitable for use in 
video wideband and general high-frequency amplifier applications 
of 50 to 1000 MHz. 


Low Noise Figure — 

NF = 2.5 dB (Max) @ f = 450 MHz (2N5031) 

High Power Gain — 

G pe = 17 dB (Typ) @ f = 450 MHz 

High Current-Gain— Bandwidth Product — 
fj = 1000 MHz (Min) @ Iq = 5.0 mAdc 


NPN SILICON 
RF SMALL-SIGNAL 
TRANSISTORS 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @T/\ = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


T J» T stg 


20 


200 

1.14 


mW 

mW/°C 


‘Indicates JEDEC Registered Data. 


SEATING 

PLANE 


STYLE 10 

PIN 1. EMITTER ,, 

2. BASE -HH-D 

3. COLLECTOR 
CASE 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

D 

0.41 

0.53 

0.016 

0.021 

E 

_ 

0.76 

_ 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.54 

BSC 

0.100 BSC 

M 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° 

BSC 

45° BSC 

N 

1.27 BSC 

0.050 BSC 

P 

- 1 1-27 

- 1 0.050 


ALL JED EC dimensions and notes apply 


CASE 20-03 
TO-72 
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2N5031, 2N5032 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

‘Collector-Emitter Breakdown Voltage 
(l c = 1.0 mAdc, l B = 0) 

BVCEO 

,0 

- 

- 

Vdc 

‘Collector-Base Breakdown Voltage 
(l C = 0.01 mAdc, l E =0) 

BVcbo 

15 

- 

- 

Vdc 

‘Emitter-Base Breakdown Voltage 
(l£ = 0.01 mAdc, lc = 0) 

BVebO 

3.0 

- 


Vdc 

Collector Cutoff Current 
(V C b = 6.0 Vdc, l E = 0) 

*CBO 


1.0 

10 

nAdc 

ON CHARACTERISTICS 

‘DC Current Gain 

(Iq = 1.0 mAdc, Vce = 6.0 Vdc) 

h FE 

25 

- 

300 

- 

Collector-Emitter Saturation Voltage 
(lc - 10 mAdc, lg = 1.0 mAdc) 

v CE(sat) 

- 

0.35 

— 

Vdc 

Base-Emitter Saturation Voltage 
(1C = 10 mAdc, lg = 5.0 mAdc) 

v BE(sat) 

- 

1.0 

— 

Vdc 


DYNAMIC CHARACTERISTICS 


‘Current-Gain— Bandwidth Product 

(l c = 5.0 mAdc, V CE = 6.0 Vdc. f = 100 MHz) 

*T 

1000 

- 

3500 

MHz 

‘Output Capacitance 

C cb 

- 

1.3 

1.5 

PF 

(V CE = 6.0 Vdc, l E * 0, f = 0.1 MHz) 






Collector-Base Time Constant 

r b c c 

- 

5.0 

- 

ps 

(l c = 6.0 mAdc, V C e s 6.0 Vdc, f » 31 .8 MHz) 






‘Noise Figure t (Figure 1) 

NF 




dB 

(l c = 10 mAdc, V C e = 6.0 Vdc, f = 450 MHz) 2N5031 


- 

- 

2.5 


2N5032 


- 


3.0 



FUNCTIONAL TEST 


‘Common-Emitter Amplifier Power Gaint (Figure 1) 

G pe 

14 

17 

25 

dB 

(V CE = 6.0 Vdc, l c = 10 mAdc, f = 450 MHz) 






* Indicates JEDEC Registered Data, 
tfuned for Minimum Noise. 


FIGURE 1 - POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 2 - COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) 


2N5031, 2N5032 (continued) 






2n5050 (SILICON) 
2n505 1 
2n5052 


MEDIUM-POWER NPN SILICON TRANSISTORS 


. . designed for untuned amplifier and switching applications. 

High Voltage Ratings — 

VCEO = 125, 150 and 200 Vdc 

Low Collector-Emitter Saturation Voltage — 

VCE(sat) = TO Vdc (Max) @ 1 c = 0.75 Adc 

Packaged in the Compact, High Efficiency TO-66 Case 


2 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

125-200 VOLTS 
40 WATTS 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N5050 

2N5051 

2N5052 

Unit 

Collector-Emitter Voltage 

VCEO 

125 

150 

200 

Vdc 

Collector-Base Voltage 

VcB 

125 

150 

200 

Vdc 

Emitter-Base Voltage 

V EB _ 

6.0 

Vdc 

Collector Current — Continuous 

1 C 

2.0 

Adc 

Base Current 

'b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

40 

0.266 

Watts 

W/°C 

Operating Junction Temperature Range 

Tj 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 



^THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

-JJQ 

3.76 

°C/W 


* Indicates JEDEC Registered Data. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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3.0 5.0 10 20 30 50 100 200 300 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic^CE below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


SEATING PLANE 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR i 


DIM 

MILLIN 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

~Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

_ 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 



All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 
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2N5050, 2N5051, 2ISI5052 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min j Max | Unit 


*OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Note 1) 

(Iq = 200 mAdc, l B = 0) 

2N5050 

2N5051 

2N5052 

v CEO(sus) 

125 

150 

200 

- 

Vdc 

Collector-Emitter Cutoff Current 


•CEO 



mAdc 

(V C E = 62.5 Vdc, l B = 0) 

2N5050 



0.1 


(V C E = 75 Vdc, l B = 0) 

2N5051 



0.1 


(V C E = 100 Vdc, l B = 0) 

2N5052 



0.1 


Collector-Emitter Cutoff Current 


>CEX 



mAdc 

(Vqe = Rated V CE0 , V EB<off) = 1.5 Vdc) 



- 

0.5 


(V C e = Rated V CE0 , v EB(off) = 1.5 Vdc, T C = 150°C) 



- 

5.0 


Emitter-Base Cutoff Current 


*EB0 

- 

0.1 

mAdc 

(V BE = 6.0 Vdc, l c = 0) 







*ON CHARACTERISTICS 


DC Current Gain (Note 1) 

(l C = 0.75 Adc, V C E =5.0 Vdc) 

(Iq= 1.0 Adc, V CE = 5.0 Vdc) 

(Iq = 2.0 Adc, Vqe = 5.0 Vdc) 

h F E 

25 

25 

5.0 

100 


Collector-Emitter Saturation Voltage (Note 1) 

VCE(sat) 



Vdc 

(l C = 0.75 Adc, l B = 0.1 Adc) 


- 

1.0 


(l C = 2.0 Adc, l B = 0.4 Adc) 


- 

5.0 


Base-Emitter On Voltage (Note 1) 

V BE (on) 

- 

1.2 

Vdc 

(Iq = 0.75 Adc, V CE = 5.0 Vdc) 

I 





^DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(Iq = 250 mAdc, V CE = 10 Vdc, f = 5.0 MHz) 

fT 

10 

- 

MHz 

Small-Signal Current Gain 
(Iq = 250 mAdc, Vq E = 10 Vdc, f = 1.0 kHz) 

h fe 

25 

- 

- 

Common Base Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

250 

PF 


*SWITCHING CHARACTERISTICS 


Rise Time 

(Vq C = 120 Vdc, l C = 750 mAdc, 

R[_ = 150 Ohms, 

*B1 = *B2 ~ 160 mAdc) 

V 

- 

300 

ns 

Storage Time 

ts 

- 

3.5 

jus 

Fall Time 

tf 

- 

1.2 

jus 


*lndicates JEDEC Registered Data. Note 1 : Pulse Test: Pulse Width ^300 jus, Duty Cycle ^2.0%. 


FIGURE 2 - THERMAL RESPONSE 
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2n5058S (SILICON) 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for high-voltage amplifier and driver applications. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 3 00 Vdc ( Min ) ~ 2N5058S 

• DC Current Gain Specified — 

5.0 mAdc to 100 mAdc 

• Collector-Emitter Saturation Voltage — 

v CE(sat) = 1-0 Vdc (Max) @ Iq = 30 mAdc 


* MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Power Dissipation @ = 25°C 

Derate above 25°C 


Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


Tj,T st g 


2N5058S 2N5059S 


1.0 

6.67 


5.0 

33.3 


Watt 

mW/°C 


Watts 

mW/°C 


°C 


^THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction To Ambient 


Thermal Resistance, Junction to Case 


Symbol 


RflJAd) 


R 0JC 


°c/w 


* Indicates JEDEC Registered Data 

(1) R 0JA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
AMPLIFIER/DRIVER 
TRANSISTORS 




— A — 


[ R 1 


tl® 

•H 


Ir ? 

*< / 


T L f 

/ 

IlT 

* — F I K 

_L 



STYLE 1 

PIN 1 EMITTER 
2. BASE 

b 3. COLLECTOR 

N 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0 350 

0.370 

B 

8.00 

851 

0 315 

0.335 

C 

610 

6 60 

0 240 

0.260 

D 

0.406 

0 533 

0016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0 406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0 190 

0210 

H 

0.711 

0 864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° 

N0M 

45° 

N0M 

P 

- | 1.27 

- 

| 0.050 

Q 

90° N0M 

90° 

N0M 

R 

2.54 | - 

0.100 

L__ 


CASE 79-02 
TO-39 

All JEDEC notes and dimensions apply. 
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2N5058S (continued) 


’ELECTRICAL CHARACTERISTICS (T A 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

. . .. . J 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 


BV C EO 



Vdc 

(l c = 30 mAdc, l B = 0) 

2N5058S 


300 

- 



2N5059S 


250 

~ 


Collector-Base Breakdown Voltage 


BVcbO 



Vdc 

(l c = 100 MAdc, l E = 0) 

2N5058S 


300 

- 



2N 5059S 


250 

- 


Emitter-Base Breakdown Voltage 


BV EB o 



Vdc 

(l E = 100 MAdc, lc = 0) 

2N5058S 


7.0 

- 



2N5059S 


6.0 

- 


Collector Cutoff Current 

i 

! cbo 



MAdc 

(V CB = 100 Vdc, l E - 0) 



" 

0.05 


<V CB - 100 Vdc, l E = 0, T A = +125°C) 



“ 

20 


Emitter Cutoff Current 


•ebo 



nAdc 

(V BE = 5.0 Vdc, lc = 0) 



_ 

10 



ON CHARACTERISTICS (1) 


DC Current Gain 

(lc = 5.0 mAdc, V C e = 25 Vdc) 2N5058S 

2N5059S 

(l c = 30 mAdc, V C e = 25 Vdc) 2N5058S 

2N5059S 

(l C = 30 mAdc, V C E = 25 Vdc, T A = -55°C) 2N5058S 
(lc = 100 mAdc, V C E = 25 Vdc) 2N5058S 

2N 5059S 

h FE 

10 

10 

35 

30 

10 

35 

30 

150 

150 


Collector-Emitter Saturation Voltage 

(lc = 30 mAdc, l B = 3.0 mAdc) 

v CE(sat) 


1.0 

Vdc 

Base-Emitter Saturation Voltage 

Oc = 30 mAdc, l B = 3.0 mAdc) 

v BE(sat) 

_ 

0.85 

Vdc 

Base-Emitter On Voltage 

(lc = 30 mAdc, Vce = 25 Vdc) 

v BE(on) 

- 

0.82 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product (2) 

(l c = 10 mAdc, V C E = 25 Vdc, f = 20 MHz) 

*T 

30 

160 

MHz 

Collector-Base Capacitance 

(V C b = 10 Vdc, 1 E = 0, f = 1.0 MHz) 

Ocb 

- 

10 

pF 

Emitter-Base Capacitance 

( V BE = 0.5 Vdc, l c = 0, f = 1.0 MHz) 

c eb 

- 

75 

L 

pF 


’Indicates JEDEC Registered Data 

(1 ) Pulse Test: Pulse Width ^300 m s, Duty Cycle ^ 2.0% 

(2) f j is defined as the frequency at which |hf e | extropolates to unity. 
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2n5060 (SILICON) 

thru 


2n5064 


° w— 


PLASTIC THYRISTORS 

. . . Annular PNPN devices designed for high volume consumer 
applications such as relay and lamp drivers, small motor controls, gate 
drivers for larger thyristors, and sensing and detection circuits. 
Supplied in an inexpensive plastic TO-92 package which is readily 
adaptable for use in automatic insertion equipment. 

« Sensitive Gate Trigger Current — 200 11 A Maximum 

® Low Reverse and Forward Blocking Current — 

50 /iA Maximum, Tq = 125°C 

• Low Holding Current — 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 


MAXIMUM RATINGS^) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

Vrrm 


Volts 

2N5060 


30' 


2N5061 


60* 


2N5062 


100* 


2N5063 


150* 


2N5064 


200* 


Forward Current RMS (See Figures 4 & 5) 

l T(RMS) 

0.8 

Amp 

(All Conduction Angles) 




Peak Forward Surge Current, = 25°C 

*TSM 

6.0* 

Amp 

(1/2 cycle. Sine Wave, 60 Hz) 




Circuit Fusing Considerations, T/\ = 25°C 

|2 t 

0.15 

A 2s 

(t = 1.0 to 8.3 ms) 




Peak Gate Power — Forward, T/\ = 25°C 

P GM 

0.1* 

Watt 

Average Gate Power — Forward, T/\- 25°C 

P GF(AV) 

0.01* 

Watt 

Peak Gate Current — Forward, T/\ = 25°C 

'GFM 

1.0* 

Amp 

(300 ms, 120PPS) 




Peak Gate Voltage — Reverse 

Vgrm 

5.0* 


Operating Junction Temperature Range @ Rated 

Tj 

-65 to +125* 

mm 

Vrrm and V DRM 



■ ■ 

Storage Temperature Range 

T stg 

-65 to +150* 

■KH 

Lead Solder Temperature 

- 

+230* 

mm 

(<1/16” from case, 10 s max) 



■Hi 


Indicates JEDEC Registered Data. 

(1) Temperature reference point for all case temperatures in center of flat portion 
of package. (Tq = +125°C unless otherwise noted.) 


PLASTIC SILICON 
CONTROLLED RECTIFIERS 

0.8 AMPERE RMS 
30 thru 200 VOLTS 







1 



c 

j 

JS N 

SEATING-' P T 


n 


PLANE \ 

D — 

1 

I 

-i 

u 

K 

1 

-L 



Q 
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■DMISEI 
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mmm 


BflEE 

BBEEB 

A 



0.175 

TUiM 

B 
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071651 
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CASE 29-02 
TO-92 
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PEAK FORWARD CURRENT (AMP) 


2N5060 thru 2N5064 (continued) 


ELECTRICAL CHARACTERISTICS (Rgk = 1000 Ohms) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage (Note 1) 


V DRM 



Volts 

(T C = 1 25°C) 

2N5060 


30* 

- 



2N5061 


60* 

- 



2N5062 


100* 

- 



2N5063 


150* 

- 



2N5064 


200* 

- 


Peak Forward Blocking Current 


*DRM 

_ 

50* 

juA 

(Rated V DRM @ T C = 125°C) 






Peak Reverse Blocking Current 


1 RRM 

_ 

50* 

juA 

(Rated V RRM @T C = 125°C) 






Forward "On" Voltage (Note 2) 


V TM 

_ 

1.7* 

Volts 

(l T M = 1.2 A peak @ T A = 25°C) 







Gate Trigger Current (Continuous dc) (Note 3) 

T c = 25°C 

>GT 

- 

200 

mA 

(Anode Voltage = 7.0 Vdc, R|_ = 100 Ohms) 

T c = -65°C 


- 

350* 


Gate Trigger Voltage (Continuous dc) 

T c - 25°C 

V GT 

_ 

0.8 

Volts 

(Anode Voltage = 7.0 Vdc, Rl = 100 Ohms) 

T C = -65°C 


- 

1.2* 


(Anode Voltage = Rated Vq R |\/|, Rj_ = 100 Ohms) 

T c = 125°C 

Vgd 

0.1 

- 


Holding Current 

T c = 25°C 

■h 

- 

5.0 

mA 

(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) 

T c = -65°C 


- 

10* 


Thermal Resistance, Junction to Case (Note 4) 

0 JC 

- 

75* 

°C/W 

Thermal Resistance, Junction to Ambient 

0 JA 

- 

200 

°C/W 


^Indicates JEDEC Registered Data. 

1. V DRM and V RRM for all types can be applied on acontinuous 
dc basis without incurring damage. Ratings apply for zero or 
negative gate voltage but positive gate voltage shall not be 
applied concurrently with a negative potential on the anode. 
When checking forward or reverse blocking capability, thyris- 
tor devices should not be tested with a constant current source 
in a manner that the voltage applied exceeds the rated blocking 
voltage. 


2. Forward current applied for 1.0 ms maximum duration, duty 
cycle ^ 1.0%. 

3. Rqk current is not included in measurement. 

4. This measurement is made with the case mounted "flat side 
down" on a heat sink and held in position by means of a metal 
clamp over the curved surface. 


FIGURE 1 - SURGE RATINGS 




0 0.1 0.2 0.3 0.4 0.5 

IF(AV). AVERAGE FORWARD CURRENT (AMP) 
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r(t), NORMALIZED EFFECTIVE TRANSIENT 

THERMAL RESISTANCE 'F. INSTANTANEOUS FORWARD CURRENT (AMP) 


2N5060 thru 2N5064 (continued) 


FIGURE 3 - FORWARD VOLTAGE 


FIGURE 4 - CURRENT DERATING 
{REFERENCE: CASE TEMPERATURE) 



0 0.5 1.0 1.5 2.0 2.5 



FIGURE 5 - CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 



0 0.1 0.2 0.3 0.4 


Vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


lF(AV), AVERAGE FORWARD CURRENT (AMP) 



0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 

t, TIME (SECONDS) 
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IH, HOLDING CURRENT (NORMALIZED) V G T, GATE VOLTAGE (VOLTS) 


2N5060 thru 2N5064 (continued) 


TYPICAL CHARACTERISTICS 




-50 25 0 25 50 /5 100 1?5 150 75 -50 -25 0 25 50 75 100 125 150 175 

Tj, JUNCTION TEMPERATURE (°Ci Tj, JUNCTION TEMPERATURE (°C) 



-50 -25 0 25 50 75 100 125 150 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 10 - CHARACTERISTICS AND SYMBOLS 



SELECTED THYRISTOR-TRIGGER 
APPLICATION NOTES 


AN-240 

AN-290B 

AN-295 

AN-422 

AN-453 


SCR Power Control Fundamentals 
Mounting Procedure for, and Thermal Aspects of. 
Thermopad Plastic Power Devices 
Suppressing RFI in Thyristor Circuits 
Testers for Thyristors and Trigger Diodes 
Zero Point Switching Techniques 


To obtain copies of these notes list the AN number(s) 
on your company letterhead and send your request to: 

Technical Information Center 
Motorola Semiconductor Products, Inc. 
P.O. Box 20924 
Phoenix, Arizona 85036 
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2n5067 (SILICON) 

2n5068 

2n5069 


SILICON NPN POWER TRANSISTORS 

. . . for use in power amplifier and switching circuits. 

• Low Saturation Voltage — V CE(lat) = 0.4 Vdc 
@ l c = 1.0 Amp 

• Excellent Safe Area Limits (Figure 11) 

• Power Dissipation — P D — 87.5 W @ T c = 25°C 

• Complement to PNP 2N4901, 2N4902, 2N4903 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5067 

2N50&8 

2N5069 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*c 

5.0 

Adc 

Base Current - Continuous 

*B 

1.0 

Adc 

Total Device Dissipation @T^, = 25° C 

P D 


87. 5 


Watts 

Derate above 25° C 


0. 5 


w/°c 

Operating & Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

2.0 

°c/w 


ELECTRICAL CHARACTERISTICS (T c — 25 °C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 

(I r = 0. 2 Adc, I„ = 0) 2N5067 

2N5068 

2N5069 

11 

V CEO(sus)* 

40 

60 

80 


Vdc 

Collector Cutoff Current 
< V CE ' V CEO’ J B " °> 


J CEO 


1 0 

“Adc 

Collector Cutoff Current 
< V CE =RatedV CEO- V EB(off) =1 - 5Vdc) 

(V CE - Rated V CE0 , V EB(off) = 1 5 Vdc,T c = 150*0) 

5,6 

J CEX 


1.0 

2 0 

mAdc 

Collector Cutoff Current 
( V CB= RatedV CB' I E =0) 

5,6 

^CBO 


1.0 

mAdc 

Emitter Cutoff Current 
(V EB = 5.0Vdc, I c = 0) 


'ebo 

. 


mAdc 


ON CHARACTERISTICS 



SMALL-SIGNAL CHARACTERISTICS 



* Pulse Test, PW '300 /js, Duty Cycle ~ 2.0% 
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IALIZED 


2N5067, 2N5068, 2N5069 (continued) 


FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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r(tj D) TRANSIENT THERMAL RESISTANCE, NORMALIZED l& COLLECTOR CURRENT (AMP) 


2N5067, 2N5068, 2N5069 (continued) 


RATING AND THERMAL DATA 



1 0 2.0 3.0 5.0 7 0 10 20 30 50 70 100 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc— V ce limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

The data of Figurell is based on Tjjpt) = 
200°C; T c is variable depending on conditions. 
Pulse curves are valid for duty cycles to 10% pro- 
vided Tj(pi) < 200°C. T jfpfc) may be calculated 
from the data in Figure 12 .At high case tempera- 
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 



0.01 0.02 0.03 0.05 0.07 0.1 0 2 0.3 0 5 0.7 1.0 2.0 3.0 5.0 7 0 10 20 30 50 70 100 200 300 500 700 1000 

t, TIME (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 



DUTY CYCLE D = Vf = ^ 
tp 

PEAK PULSE POWER - P P 


A train of periodical power pulses can be represented by the model 
as shown in Figure A. Using the model and the device thermal reponse, 
the normalized effective transient thermal resistance of Figure 12 
was calculated for various duty cycles. 

To find (9jc(t), multiply the value obtained from Figure 12 by the 
steady state value i9jc. 

Example: 

The 2N5067 is dissipating 100 watts under the following conditions: 
ti = 0-1 ms, t P = 0.5 ms. (D = 0.2) 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the reading 
of r (ti.D ) is 0.28. 

The peak rise in junction temperature is therefore 

AT = r(t) X P P X 0j C = 0.28 X 100x2.0= 56°C 
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2n5070 (SILICON) 


lire RF Line 


NPN SILICON RF POWER TRANSISTORS 


25 W (PEP) -30 MHz 

RF POWER 
TRANSISTOR 
NPN SILICON 


. . . designed primarily for applications as a high-power linear amplifier 
from 2.0 to 75 MHz. 


• Optimized for Operation from a 28-Volt Supply 

• Power Out @ 28 Vdc, 30 MHz -25 W (PEP) 

• Intermodulation Distortion at 25 W (PEP) 

IMD = 30 dB (Max) 

• Isothermal-Resistor Design Results in Rugged Device 





MAXIMUM RATINGS 


Temperature Range 
'Indicates JEDEC Registered Data. 



1 

Rating 

Symbol 

Value 

Unit 

1 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

1 

Collector-Base Voltage 

v CBO 

65 

Vdc 

1 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

r 

Collector Current - Continuous 

Peak 

>C 

3.3 

10 

Adc 

1 

Base Current - Continuous 

>B 

1.0 

Adc 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

PD 

70 

400 

Watts 

mW/°C 


Operating and Storage Junction 

TjTstg 

-65 to +200 

°C 


STYLE 1 H G W 

PIN 1 EMITTER U- A-—-1 

2 BASE 

3. COLLECTOR t— T — I 

— i hr— D 


SEATING ‘h I 
PLANE 1 


rein 



DJL 

11 




INCHES 
MIN 1 MAX 

0.495 

0.424 

0.515 
0 437 

0.215 

0.320 

0.030 

0.04B 

0.090 

0.135 

0.185 

0 215 


0.078 

0.375 

0 455 

0.355 

0.480 

0.090 

0 110 

- 

0.165 

0.163 

0.189 

0.320 

U.36U 

0.360 

0.437 


All JEDEC dimensions and n 
Emitter connected to 
CASE 36 





2N5070 (continued) 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


Symbol 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining VoltageO ) 

(1C = 200 mAdc, 1 B = 0) 

VcEO(sus) 

30 

- 


Collector-Emitter Sustaining VoltageO) 

(Iq = 200 mAdc, Fig E = 5.0 ohms) 

VcER(sus) 

40 

~ 


Collector Cutoff Current 
(V C e = 30 Vdc, l B = 0) 

'CEO 

- 

5.0 

mAdc 

Collector Cutoff Current 
(Vce = 60 Vdc, Vg E = -1.5 Vdc) 

(V CE = 60 Vdc, V BE = -1.5 Vdc, T c = 150°C) 

'CEX 

- 

10 

10 

mAdc 

Collector Cutoff Current 
(V eg ~ 60 Vdc, l E = 0) 

'CBO 


10 

mAdc 

Emitter Cutoff Current 
( V EB = 4.0 Vdc, l c = 0) 

*EBO 

- 

10 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

hFE 



- 

(1C = 10 Adc, V CE = 5.0 Vdc) 


10 

100 


(l c = 3.0 Adc, Vce = 5.0 Vdc) 


10 

100 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l c = 1.0 Adc, V C e = 15 Vdc, f = 50 MHz) 

*T 

100 

- 

MHz 

Output Capacitance 

( V CB = 30 Vdc, l E = 0, f = 1 .0 MHz) 

^ob 

- 

85 

pF 


FUNCTIONAL TEST (Figure 1) 


Power Input (Pout = 25 W (PEP), Zq = 50 Ohms, Vqe = 28 Vdc, 
fl = 30 MHz, f 2 = 30.001 MHz) 

p in 


1.25 

Watt 

(PEP) 

Collector Efficiency (Pout = 25 W (PEP), Zq - 50 Ohms, Vqe = 28 Vdc, 
f-j = 30 MHz, f 2 = 30.001 MHz) 

V 

40 

- 

% 

Intermodulation Distortion (Pout “ 25 W (PEP), Zq = 50 Ohms, 

Vce = 28 Vdc, f -1 = 30 MHz, f 2 = 30.001 MHz) 

IMD 

- 

-30 

dB 


* Indicates JEDEC Registered Data. 

(1) Pulsed thru 25 mH Inductor, Duty Cycle = 50%, Repetition Rate = 60 Hz. 

(2) f j is defined as the frequency at which |hf e | extrapolates to unity. 


FIGURE 1 -30 MHz LINEAR TEST CIRCUIT 


Vbb (Note 1 ) 28 V 



LI: 3 Turns No. 12 AWG, 1/4" I.D., 1/2" Long 
L2: 6 Turns No. 14 AWG, 3/8" I.D., 3/4" Long 
L3: 5 Turns No. 10 AWG, 3/4" I.D., 3/4" Long 
Cl : 140-680 pF, ARC0 468 or Equivalent 
C2: 170-780 pF, ARC0 469 or Equivalent 
C3: 0.05 pF, Ceramic Capacitor 
C4: 0.1 juF, Ceramic Capacitor 
C5: 1000 pF, Feedthrough Capacitor 
C6: 24-200 pF, ARC0 425, or Equivalent 
C7: 32-250 pF, ARC0 426, or Equivalent 
Q: 2N5070 
R1: 1.0n,5.0W 
R2: 50 Ohms, 25 W 
RFC: 350 Ferrite Choke, Ferroxcube* 

#VK2Q0 01-03B, or Equivalent 

*Ferroxcube Corp. of America, Saugerties, N. Y. 

Note 1 : Adjust Vbb for a collector quiescent 
current of 20 mA with no RF input 
signal. 
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C 0 ut PARALLEL EQUIVALENT Rj n , PARALLEL EQUIVALENT INPUT 

OUTPUT CAPACITANCE (pF) _ RESISTANCE (OHMS) 


2N5070 (continued) 


FIGURE 8 -PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 


FIGURE 9 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 



10 20 30 40 50 70 100 



f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


FIGURE 10 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 



10 20 30 40 50 70 100 


FIGURE 11 -DC SAFE OPERATING AREA 



35 IS 

s 

s 

s 

£ 


s 

ss 

Bgi 

SS 

zz 

— 

z 

z 

z 

I 


SB 

3 

^1 

s 

■ 

■ 

■ 


2 

— 

— 

— 

— 

— 

— 

- 


SrSoRB 


U_ 



n 













■B 







r^r 









■■ 


■ 

cr 

1 

1 


a 

1 


< 










■ 

I 

1 

1 












■ 

1 

1 

1 

1 

1 


Second / 

a 

1 







— 

33B 

— 

— 

— 

— 

— 



Jreakdown^ 

BBS 

3 

; 

— 

— ! 

— 

“ 

- 











\ 





















Hi 













.. . 









\wmm 

imu 

mi 

m 

■ 

■ 

1 

1 



HHI 

















HIH 


■ 











1 





iiHMMMV 3R1 

wm 








mm 

mm 



■ 

i 

1 

1 

1 




u 

i 








1 0 2.0 4.0 6.0 10 20 40 60 100 


f, FREQUENCY (MHz) 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2-25 



2N5070 (continued) 


APPLICATIONS INFORMATION 


The 2N5070 transistor is designed for linear power amplifier 
operation in the HF/VHF region (2 to 75 MHz). It features guar- 
anteed linear amplifier performance rather than the conventional 
performance demonstrated in a class C* amplifier. 

Class C operation is inherently non-linear, but in many power 
amplifier applications non-linear operation does not present major 
problems. With a single frequency driving signal, the only spurious 
signals generated are harmonics and these can be suppressed in the 
amplifier tuned networks and output filter. 

For single sideband (SSB), low level amplitude modulation 
(AM), and other types of complex signals, class C operation is gen- 
erally not satisfactory. For instance, when a signal contains 
multiple frequencies at close spacings, odd-order non-linearities will 
generate spurious outputs which are within the passband of the 
tuned circuits and filters; therefore, the spurious outputs are not 
suppressed before they reach the antenna or other load. As a 
result, such complex signals require linear amplification if the ampli- 
fied signal is to be free of spurious outputs. 

A detailed analysis of spurious signals generated by non-linear- 
ities and linearity requirements of various applications is described 
in Chapter 12 of Reference 1. 

The following discussion concerns itself with a detailed descrip- 
tion of the 2N5070 characterization curves and general informa- 
tion on solid state linear power amplifier design. 

The Two-Tone Test 

The 2N5070 functional test specification consists of a linear 
power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion (IMD) output levels. A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. 

The two-tone test is one of many methods commonly 
used for testing linear amplifier performance. This test in- 
volves driving the amplifier with two RF signals, of equal ampli- 
tude, separated in frequency from each other by approximately 
1 kHz. 

When a two-tone test signal consisting of frequencies f-j and f 2 
is passed through a non-linear amplifier, odd order non-linearities 
generate spurious signals near the desired carrier. The level of these 
spurious signals provides a measure of the degree of non-linearity ( 
of the amplifier. This type of non-linearity is called intermodulation 
distortion (IMD). The spurious signals generated by IMD are 
further classified according to the exponential order of the amplifier 
non-linearity, i.e., 3rd order IMD products, 5th order IMD products, 
etc. The 3rd and 5th order IMD products are usually the most signi- 
ficant encountered with linear power amplifiers. Data on both 3rd 
and 5th order IMD are included in the 2N5070 characterization. 

Third order IMD generates spurious signals near the operating 
frequency at frequencies 2f -| — f 2 and 2f2 — f-j; and 5th order 
IMD spurious signals are at frequencies 3f i — 2f2 and 3f2 — 2f-j. 
Specifications and Characterization 

The two-tone functional amplifier test is performed in a manner 
identical to the conventional class C functional test with two excep- 
tions: a two-frequency signal is used in place of a single frequency, 
and amplifier linearity is added to the items tested and specified. 

The functional test procedure for the 2N5070 requires driving 
the test amplifier with a two frequency signal and measuring power 
output, gain, efficiency, and linearity. 

Power output, gain, and efficiency measurement methods are 
the same for both linear and class C amplifiers. 


Since a multiple frequency test signal has an instantaneous power 
level which varies with time, power levels are normally expressed 
in peak envelope power (PEP). This is the average power level of 
the envelope at its greatest amplitude point. 

When the test signal consists of multiple signals with equal ampli- 
tudes and different frequencies, the relationship of average power 
and PEP is given by the following expression: 

PEP 

Average power = — - 

where N = the number of input frequencies. 

Therefore, when measuring the power level of a standard two- 
tone test signal, a true average reading power meter will indicate 
1/2 the PEP of the signal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order IMD products. The ratio of one of the 3rd order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibels (dB). This is repeated for the 5th order products. 
The smaller of these two ratios (usually the 3rd order) is then 
included in the electrical characteristics specification as inter- 
modulation distortion ratio (IMD). 

2N5070 Performance Curves 

Figures 2 through 4 show typical power outpujL^md gain char- 
acteristics versus frequency and/or input power/These curves are 
similar to those found on other RF power transistor data sheets 
with one exception, a two-frequency test signal was used rather 
than a single frequency signal. 

The curves shown in Figure 5 are unique to transistors char- 
acterized for linear power amplifier service and show the typical 
IMD levels versus power output. 

The 2N5070features guaranteed IMD performance at the -30 dB 
level. However, the designer may desire IMD greater or less than 
-30 dB for a particular application. Figure 5 provides data on 
IMD levels that can be expected as a function of output power. 

Figure 6 shows the variation in gain with dc supply voltage and 
provide data on gain only. It does not include information on 
IMD ratio. 

Figure 7 reflects the power output that can be obtained at a 
fixed IMD ratio for operation with dc supply voltages other than 
28 Vdc. 

Figures 8 through 10 show the large signal impedance char- 
acteristics of the 2N5070. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a single frequency signal. 

It must be stressed that the data shown in Figures 8 through 10 
do not represent y, z, h, s, or any standard two-port parameter set. 
The actual transistor impedance levels during normal operation in 
an amplifier are given. For a detailed discussion of RF power 
transistor large signal impedance, see Reference 2. 

Linear Amplifier Design 

The following is a discussion of some general design considera- 
tions for solid-state linear power amplifiers. While this is not a 
detailed analysis of linear amplifier design, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the intro- 
duction, class C operation usually involves a collector dc supply as 
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2N5070 (continued) 


APPLICATIONS INFORMATION (continued) 


the only bias voltage with Vg = Vb = 0. The collector current is 
zero until the input RF signal turns the transistor "on". 

In contrast, a linear amplifier is normally operated with forward 
bias and some collector current flowing when no signal is present. 

The magnitude of no-signal collector current and the bias cir- 
cuitry may vary with the application. Optimum no-signal collector 
current for the 2N5070 was found to be approximately 20 mA. 

The key to bias circuitry for good linearity lies in maintaining 
the base-emitter dc voltage relatively constant as the RF signal 
amplitude varies. The inherent nature of a forward-biased RF 
power transistor is to bias itself "off" with increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 

Temperature effects also complicate the situation, since Vbe 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward-biased diode mounted on the transistor heat sink for 
thermal coupling to the transistor. A large capacitor (several 
hundred microfarads) in parallel with the diode helps maintain a 
constant Vbe with RF drive and improves linearity, while the 
diode provides temperature compensation to prevent thermal run- 
away. It is also possible to use complex active circuitry for biasing. 


and some rather exotic schemes have been developed to provide 
the same results. 

Another important consideration is the collector-output net- 
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity than a network with high 
harmonic impedances; therefore, some experimentation with net- 
work configuration is in order. Proper impedance matching remains 
the primary factor in both input and output network design. 
Further, it must also be stressed that the collector load impedance 
should be designed for the PEP, not the average power output. 
See Chapter 13 of Reference 1 for a detailed discussion of network 
design considerations. 

Feedback may also be employed to improve linearity and may 
take the form of either neutralization or negative RF feedback. 
The possibilities here are limited only by the designer's imagination. 
Of course, negative RF feedback involves a decrease in gain to 
improve linearity. 

REFERENCES 

1. Pappenfus, Bruene, Schoenike, "Single Sideband Principles and 
Circuits", McGraw-Hill. 

2. Hejhall, "Systemizing RF Power Amplifier Design", Motorola 
Semiconductor Products Inc., Application Note AN-282A. 


"Class C", as used here refers to operation with the no signal con- 
ditions lc = 0, and Vqe = 0, and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be more than 180°. 
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2n5086 (SILICON) 
2n5087 


PNP SILICON ANNULAR TRANSISTORS 

. PNP silicon annular transistors designed for low-level, low-noise 
amplifier applications. 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 50 V (Min) 

• Low 1 .0 kHz Noise Figure — 

2N5086 — 3.0 dB (Max) 

2N5087 - 2.0 dB (Max) 

• High Gain at Low Current — 

2N5087 - 250 @ lOO^Adc 

• Low Current-Gain— Bandwidth Product to Facilitate Audio 

Frequency Design — f j = 40 MHz (Min) 

• Low Leakage Current — IcBO = ^0 nAdc (Max) @ 10 V 

• Low Col lector- Base Capacitance — C c 5 = 4.0 pF (Max) 


PNP SILICON 

AMPLIFIER TRANSISTORS 



^MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

CD 

UJ 

> 

3.0 

Vdc 

Collector Current — Continuous 

*C 

50 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

. 

Symbol 

Max 

Unit 

1 

Thermal Resistance, Junction to Ambient 

RejA^J 

357 

°c/w 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 

indicates JEDEC Registered Data. 




(1 ) Rq ja IS measured with the device soldered into a typical printed circuit board. 


/nr 

SEATING^ P T~ 
PLANE 1 


' A 1 


u u 

-*H R 


STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTG 


Q 




ITT 

vIy 

s B 

Us 




MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO -92 
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2N5086, 2N5087 (continued) 


* ELECTRICAL CHARACTERISTICS T a ~ 25°C unless otherwise noted 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

bv ceo 



Vdc 

(I c = l.OmAdc, I B = 0) 

50 

- 


Collector-Base Breakdown Voltage 

bv cbo 



Vdc 

(I c = 100 MAdc, I £ = 0) 

50 

■ 


Collector Cutoff Current 

! cbo 



nAdc 

(V CB = 10 Vdc, I E = 0) 

- 

10 


(V CB = 35 Vdc, I E = 0) 


- 

50 


Emitter Cutoff Current 

I 

EBO 



nAdc 

(V BE =3.°Vd c , I c = 0) 

- 

50 



ON CHARACTERISTICS 


DC Current Gain 

(I = 100 /iAdc, V =5.0 Vdc) 2N5086 

L 2N5087 

(I =1.0 mAdc, V = 5. 0 Vdc) 2N5086 

L 2N5087 

(I = 10 mAdc, V =5.0 Vdc) (1) 2N5086 

^ 2N5087 

h FE 

150 

250 

150 

250 

150 

250 

500 

800 


Collector-Emitter Saturation Voltage 
(I_, = 10 mAdc, I D =1.0 mAdc) 

K, D 

V CE(sat) 

- 

0. 3 

Vdc 

Base-Emitter On Voltage 
(I c =1.0 mAdc, V C£ = 5.0 Vdc 

V BE(on) 

- 

0. 85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain - Bandwidth Product 
(I„ = 500 juAdc, V™ = 5. 0 Vdc, f = 20 MHz) 

l, LJbj 



f T 

40 

- 

MHz 

Collector-Base Capacitance 
(V^ D = 5. 0 Vdc, I_ = 0, f = 100 kHz) 

C JtJ Cj 

C eb 

- 

4.0 

pF 

Small-Signal Current Gain 

(1=1.0 mAdc, V-,, = 5. 0 Vdc, f = 1. 0 kHz) 2N5086 

L 2N5087 

h fe 

150 

250 

600 

900 

, 

Noise Figure 

(I = 20 MAdc, V = 5. 0 Vdc, R = 10 k ohms, f = 10 Hz to 15. 7 kHz) 2N5086 

C b 2N5087 

(I = 100 MAdc, V = 5. 0 Vdc, R = 3. 0 k ohms, f = 1. 0 kHz) 2N5086 

C Cfc ' b 2N5087 

NF, 

- 

3.0 

2.0 

3.0 

2.0 

i dB 


* Indicates JEDEC Registered Data 
(1) Pulse test: Pulse Width < 300 ms,, Duty Cycle < 2. 0 % 


NOISE FIGURE 

FIGURE 1 - FREQUENCY EFFECTS v « = 5.0 Vdc. t a = 25 FIGURE 2 - SOURCE RESISTANCE EFFECTS 
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2n5088 (SILICON) 
2n5089 


NPN SILICON ANNULAR TRANSISTORS 


. NPN silicon annular transistors designed for low-level, 
low- noise amplifier applications. 


High Gain at Low Current — 

2 N 5088 — 300 min at 100 M Adc 
2N5089 — 400 min at 100 //Adc 

Low 100 ^Adc Noise Figure — 

1.2 dB typ at 100 Hz 
1.0 dB typ at 1.0 kHz 

Excellent Gain Linearity from 20 ^Adc to 2.0 mAdc 
(See Figure 9) 


♦MAXIMUM RATINGS 

Rating 

Symbol 

2N5088 

2N5089 

Unit 

Collector-Emitter Voltage 

v CE0 

30 

25 

Vdc 

Collector-Base Voltage 

V CB 

35 

30 

Vdc 

Emitter-Base Voltage 

CO 

LU 

> 

4.5 - 

Vdc 

Collector Current — Continuous 

>c 

50 

mAdc 

Total Power Dissipation @ = 25°C 

Pd 


350 


mW 

Derate above 25°C 



2.8 


mW/°C 

Total Power Dissipation @ T^ = 25°C 

P D 


1.0 


Watt 

Derate above 25°C 



8.0 


mW/°C 

Operating and Storage Junction 

Tj-Tstg 


-55 to +150 


°C 

Temperature Range 







THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Ambient 

RtfJAlD 

357 


Thermal Resistance, Junction to Case 

R 0JC 

125 


* Indicates JEDEC Registered Data 







(1) R(jja ' s measured with the device soldered into a typical printed circuit board 



NPN SILICON 

AMPLIFIER TRANSISTORS 



SEATING- 

PLANE 


' 




1 


ITT 

C 

/M 



I 

p 1 

1 T 



— F 

1 



K 

D-— 


J 



STYLE 1 

PIN 1. EMITTER 


BASE 


- Q 

1 

t i 

$ 

Ml 

5 Oj 


— H 

S 

u 

rr 



MILLIMETERS 

INCHES 1 


MIN 

MAX 

MIN 

MAX ! 

KB 




HEM 

B 

3.180 


0.125 


C 

4.320 

HEIDI 

ilirilM 

mssM 

D 

mESSM 

HEM 

ohm 

HEM 

F 

■itTiy 

■lEKW 


hem 

K 


Hi 


m 

L 

HlAHJi 

11'tilli 

OEM 

HB 

N 

- 

1.270 

- 

HOEEEl 

P 

WtfcMilfc 

- 


mm 

Q 


- 

OEM 

- 

R 

2.410 

2.670 

OEM 

hum 

mm 

2.030 

IBftfritii 

OEM 



CASE 29-02 
TO-92 
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2N5088, 2N5089 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 


bv ceo 



Vdc 

(I c = 1.0mAdc, I B =0) 

2N5088 

30 

- 


2N5089 


25 

- 


Collector-Base Breakdown Voltage 





Vdc 

(I = 100 /lAdc, I £ = 0) 

2N5088 


- 



2N5089 



- 


Collector Cutoff Current 


! cbo 



nAdc 

(V CB = 20 Vdc, I E = 0) 

2N5088 

- 

50 


<V CB = 15Vdc, I E =0) 

2N5089 


- 

50 


Emitter Cutoff Current 


r EBO 



nAdc 

(V EB(o£f) = 3 0Vdc ' 'c =0) 


- 

50 


(V EB(oH) = 4 - 5Vdc ' [ C = 0) 



- 

100 



*0N CHARACTERISTICS 


DC Current Gain 

(I = 100 /iAdc, V = 5. 0 Vdc) 2N5088 

2N5089 

(I = 1.0 mAdc, V = 5.0 Vdc) 2N5088 

2N5089 

(I = 10 mAdc, V = 5. 0 Vdc)(l) 2N5088 

2N5089 

h FE 

300 

400 

350 

450 

300 

400 

900 

1200 


Collector-Emitter Saturation Voltage 
(I_ = 10 mAdc, I_ = 1. 0 mAdc) 

t D 

V CE(sat) 

- 

1 

0. 5 

4 Vdc 

Base-Emitter On Voltage 

U c = 10 mAdc, V CE = 5. 0 Vdc)(l) 


- 




DYNAMIC CHARACTERISTICS 


*Current-Gain - Bandwidth Product 

(I c = 500 /iAdc, V CE = 5. 0 Vdc, f = 20 MHz 

f T 

50 

- 

MHz 

* Collector -Base Capacitance 

( V CB = 5 - 0 Vdc ’ l E =0,t - 100 kHz) 


- 


pF 

Emitter-Base Capacitance 
( v be = °* 5 Vdc » J c = °» f = 100 kHz ) 

C eb 

- 

10 

m 

*Small-Signal Current Gain 

(I = 1. 0 mAdc, V__, = 5. 0 Vdc, f = 1. 0 kHz) 2N5088 

2N5089 

h fe 

350 

450 

1400 

1800 

- 

*Noise Figure 

(I = 100 pAdc, V = 5. 0 Vdc, R = .10 k ohms, 2N5088 

f = 10 Hz to 15. 7 kHz 21,5089 


- 

3.0 

2.0 

dB 


* Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width < 300 /is, Duty Cycle < 2.0%. 


NOISE FIGURE 

V CE = 5.0 Vdc, T a = 25 °C 

FIGURE 1 — FREQUENCY EFFECTS FIGURE 2 - SOURCE RESISTANCE EFFECTS 
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f T . CURRENT-GAIN - BANOWIDTH PRODUCT (MHz) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) h FEl DC CURRENT GAIN, NORMALIZED 


2N5088, 2N5089 (continued) 


FIGURE 3 - DC CURRENT GAIN 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 5 - CURRENT-GAIN- 
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l c , COLLECTOR CURRENT (mA) 
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(SILICON) 


2N 



NPN SILICON RF POWER TRANSISTOR 

. . . designed for amplifier, frequency-multiplier or oscillator circuits 
in Military or Industrial equipment. Suitable for use as output, 
driver or pre-driver stages in VHF and UHF equipment. 


1 .2 Watts Output Minimum at 400 MHz (7.8 dB Gain) 
2.0 Watts Output Typical at 150 MHz (13 dB Gain) 

Multiple-Emitter Overlay Construction for Excellent 
High-Frequency Performance 


NPN SILICON 
RF POWER 
TRANSISTOR 



"MAXIMUM RATINGS 




Ratings 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Colleptor-Base Voltage 

V CB 

55 

Vdc 

Emitter-Base Voltage 

V EB 

3.5 

Vdc 

Collector Current - Continuous 

'c 

0.4 

Adc 

Total Device Dissipation @ Tq = 75°C 

P D 

5.0 

Watts 

Derate above 75°C 


0.04 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj< Tstg 

-65 to +200 

i 

°C 

‘Indicates JEDEC Registered Data. 






STYLE 1 
PIN 1. EMITTER 
2. BASE 
3 COLLECTOR 


V 

SEATING 

PLANE 


1 j 

run! 

i 

CASE ISOLATED 

— D 



c 

_Ll 1 

* * ei rFrS n c i 


pi I 


“JTtr 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

12 57- 

13 08 

0.495 

0.515 

~ri 

1077 

11.10 

0 424 

0 437 

c 

5.46 

8.13 

0215 

0 320 

D 

0.762 

1.17 

0.030 

0.046 

E 

2 29 

3.43 

0 090 

0.135 

G 

470 

5.46 

0.185 

0215 

H 

- 

1.98 

- 

0.078 

J'l 

9.53 

11.56 

0.375 

0.455 

nn 

9.02 

12.19 

0.355 

0.480 

L 

2 29 

2 79 

0.090 

0.110 

N 

- 

4.19 

- 

0.165 

~P~j 

4.14 

4.80 

0 163 

0 189 

_AJ 

8 13 

9.14 

0 320 

0 360 

T 

9 14 

11.10 

0.360 

0.437 


All JEDEC dimensions and notes apply 
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2N5090 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Uni7 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

v CEO(sus) 

30 

_ 

Vdc 

(Iq = 5.0 mAdc, l B = O) 




Collector-Emitter Sustaining Voltage 

VcER(sus) 

55 

- 

Vdc 

( Iq = 5.0 mAdc, R BE = 10 Ohms) 




Collector Cutoff Current 

'CEO 

- 

20 

jUAdc 

<V cE = 28 Vdc, l B = 0) 





Collector Cutoff Current 

*CEX 



mAdc 

(V CE = 55 Vdc, V BE = -1.5 Vdc) 

- 

0.1 


(V CE = 30 Vdc, V BE = -1.5 Vdc, T c = 200°C) 


- 

5.0 


Emitter Cutoff Current 

•ebo 

- 

0.1 

mAdc 

<V BE = 3.5 Vdc, l c - 0) 

J 





ON CHARACTERISTICS 


DC Current Gain 
(Iq -- 50 mAdc, Vq E - 5 0 Vdc; 

(Iq - 360 mAdc, Vq E - 5.0 Vdc) 

h FE 

10 

5.0 

200 

- 

Collector-Emitter Saturation Voltage 
(Iq = 0.1 Adc, l B = 20 mAdc) 

v CE(sat) 

- 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(l C = 50 mAdc, V CE = 15 Vdc, f = 200 MHz) 

fT 

500 

- 

MHz 

Output Capacitance 
(V CB = 30 Vdc, l E = O, f = 1.0 MHz) 

^ob 

— 

3.5 

PF 


FUNCTIONAL TEST 


Power Input (Figure 1) 

< p out = 1-2 Watts, R L = 50 Ohms, f = 400 MHz) 

p in 

- 

0.2 

Watt 

Collector Efficiency (Figure 1) 

(Pout = 1-2 Watts, R L = 50 Ohms, f = 400 MHz) 

V 

45 

— 

% 


‘Indicates JEDEC Registered Data. 


FIGURE 1 - 400 MHz TEST CIRCUIT 


C3 (Z L = 50 OHMS) 



Cl = 0 9-7.0 pF, ARCO 400 or equivalent 
C2 = 1.5-20 pF, ARCO 402 or equivalent 
C3 = 1.5-20 pF, ARCO 402 or equivalent 
C4 = 1000 pF 

LI = 2 turns No. 18 AWG wire, 1/4" ID, 1/8" Long 
L2 = RF Choke, 0.1 pH 

L3 = 2 turns No. 18 AWG wire, 1/8" ID, 1/8" Long 
L4 = 3 turns No. 16 AWG wire, 1/4" ID, 3/8" Long 
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2n5108 (SILICON) 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


. . . designed for amplifier, frequency multiplier, or oscillator applica- 
tions in military and industrial equipment. Suitable for use as output, 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 

• High Power Output - P 0 ut = 1.0 W (Min) @ f = 1.0 GHz 

• High Current-Gain— Bandwidth Product — 

fj = 1200 MHz (Min) @ Iq = 50 mAdc 

• Ideal for Radio Sonde Applications — 

Pout (oscillator) - 300 mW (Typ) @ f = 1.68 GHz 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

* Collector-Emitter Voltage 

V CER 

55 

Vdc 

(Rbe = 10 Ohms) 




* Collector-Base Voltage 

V CB 

55 

Vdc 

*Emitter-Base Voltage 

V EB 

3.0 

Vdc 

* Collector Current — Continuous 

>c 

0.4 

Adc 

*Total Device Dissipation @Tq = 25°C 

PD 

3.5 

Watts 

Derate above 25°C 


0.02 

W/°C 

*Storage Temperature Range 

T stg 

-65 to +200 

°C 


Indicates JEDEC Registered Data. 


NPN SILICON 
AMPLIFIER 
TRANSISTOR 




STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

~n 

0.737 

1.02 

0.029 

0.040 

~TT\ 

12.70 

1 _ 

0.500 

- 

L 

6.35 


0.250 

_ 

M 

45° 

N0M 

45° N0M 

p 

- | 

1.27 

- 1 0.050 

Q 

90° 

N0M 

90° N0M 

LZj 

2.54 | 

- 

0.100 | - 


CASE 79-02 

Note: All JEDEC notes and dimensions apply. 
TO-39 
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2N5108 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

‘Collector-Emitter Sustaining Voltage 

v CER(sus) 

55 

_ 

_ 

Vdc 

(1C = 5.0 mAdc. R BE = 10 ohms) 





* Emitter-Base Breakdown Voltage 

bvebo 

3.0 

_ 

_ 

Vdc 

(lg = 0.1 mAdc, lc = 0) 






‘Collector Cutoff Current 

•CEO 

_ 

_ 

20 

juAdc 

<V C E " 15Vdc, l B = 0) 




‘Collector Cutoff Current 

>CES 





(V C E » 50 Vdc, V BE = 0) 

- 

_ 

1.0 

MAdc 

(V C E = 15 Vdc, V B e * 0, T C = 150°C) 


- 

- 

10 

mAdc 


DYNAMIC CHARACTERISTICS 


‘Current-Gain— Bandwidth Product 

(Iq = 50 mAdc, Vqe = 15 Vdc, f = 200 MHz) 


1200 

- 

- 

MHz 

‘Output Capacitance 

(Vqb = 30 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

- 

1.3 

3.0 

1 

pF 


FUNCTIONAL TEST 


‘Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 1 0 W, V cc = 28 Vdc. 1 C = 102 mAdc, 
f = 1.0 GHz) 

GpE 

5.0 

_ 

- 

dB 

Power Output (Figure 1) 

(Pin = 316 mW, V C E = 28 Vdc, f = 1 .0 GHz) 

p out 

1.0 

- 

- 

Watt 

‘Collector Efficiency 

(P jn = 316 mW, Vqe = 28 Vdc,f = 1.0 GHz) 

T| 

35 

- 

- 

% 

Power Output (Oscillator) (Figure 2) 

(V C e = 20 Vdc, V EB = 1.5 Vdc, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 

p out 


0.3 


Watt 


‘indicates JEDEC Registered Data. 


FIGURE 1 - 1 GHz RF AMPLIFIER POWER 
OUTPUT TEST CIRCUIT 


FIGURE 2 - 1.68 GHz RF OSCILLATOR POWER 
OUTPUT TEST CIRCUIT 



Note. Impedance measurements are made at transistor socket pins. 
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fj, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


2N5108 (continued) 



Pin, POWER INPUT (WATTS) 


FIGURE 5 - POWER OUTPUT 
versus COLLECTOR-EMITTER VOLTAGE 



0 5.0 10 15 20 25 30 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7-CURRENT-GAIN-BANDWIDTH 
PRODUCT versus CURRENT 



0 10 20 30 40 50 60 70 80 90 100 


1C, COLLECTOR CURRENT (mAdc) 


C c b, COLLECTOR-BASE CAPACITANCE (pF) P out , P0WER OUTPUT (WATTS) p out , POWER OUTPUT (WATTS) 


FIGURE 4 - POWER OUTPUT versus FREQUENCY 



f, FREQUENCY (GHz) 


FIGURE 6 - OSCILLATOR POWER OUTPUT 
versus COLLECTOR CURRENT 



1C, COLLECTOR CURRENT (mAdc) 


FIGURE 8-COLLECTOR BASE 
CAPACITANCE versus VOLTAGE 



0 5.0 10 15 20 25 30 

Vcb. COLLECTOR-BASE VOLTAGE (VOLTS) 






2n5109 (SILICON) 


Tine RF Line 


WIDE BAND AMPLIFIER 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 

. . . designed specifically for broadband applications requiring low 
cross-modulation distortion and low-noise figure. Characterized for 
use in CATV amplifiers. 


NPN SILICON 
HIGH-FREQUENCY 
TRANSISTOR 


• Low Noise Figure — @ f = 200 MHz 

NF = 3.0 dB (Typ) 

• High Current-Gain — Bandwidth Product — 

fj = 1200 MHz (Min) @ \q = 50 mAdc 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

v CBO 

40 

Vdc 

Emitter-Base Voltage 

v EBO 

3.0 

Vdc 

Base Current — Continuous 

*B 

400 

mAdc 

Collector Current — Continuous 

•c 

400 

mAdc 

Total Device Dissipation @ Tq = 75°C (1) 
Derate above 25°C 

P D 

2.5 

20 

Watt 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


U) Total Device Dissipation at = 25°C i 
* Indicates JE DEC Registered Data. 


FIGURE 1 - VOLTAGE GAIN TEST CIRCUIT 


p out 

C5 (Zl = 75 fi) 



-Vee + vcc 


Cl, C2, C5 0.002 mF 

C3 8 - 60 pF, ARC0 404 
or Equivalent 
C4 0.03 pF 
C6, C7 1,500 pF 

R1 390 OHMS, 1/2 WATT 
R2 6.8 OHMS, 1/2 WATT 


R3 330 OHMS, 1 WATT 
R4 270 OHMS, 1/2 WATT 
Ti 4 turns, Bifilar winding, 
3/16" I.D.,#30 AWG 
CORE MATERIAL: 
Indiana General 
CF 102-Q1 



OETAIL 

OF TRANSFORMER 


STYLE 1 

PIN 1 EMITTER 
2 BASE 
3. COLLECTOR 



MILLIMETERS INCHES 
MIN MA~X~ MIN | MAX 
8.89 9,40 0 350 0 370 

8 00 8,51 0.315 0.335 

6 10 6.60 0.240 0.260 

0,406 0 533 0.016 0.021 
0 229 3.18 0 009 0 125 

0,406 0.483 0.016 0.019 
4.83 5.33 0,190 0 210 

' 0711 0864 0.028 0.034 

0.737 1.02 0.029 0.040 


M 45° NOM 45° NOM 

P - I 1.27 I 0.050 

Q , 90° NOM 90° NOM 

R 2.54 | - 0.100 [ - 

Note. All JEDEC notes and dimensionsapply 
CASE 79-02 
TO-39 
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2N5109 (continued) 


i 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Typ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(Ip = 5.0 mAdc, l B = 0) 


v CEO (sus) 


Collector-Emitter Sustaining Voltage (1) 
(l C = 5.0 mAdc, RgE = 10 n) 


Collector Cutoff Current 
(V C E = 15 Vdc, l B = 0) 


Collector Cutoff Current 

(V CE = 15 Vdc, V BE = -1.5 V, T C = 150°C) 
(V C E = 35 Vdc, VbE = - 1 -5 V) 


Emitter Cutoff Current 
(V B E = 3.0 Vdc, l c - 0) 


V CER (sus) 


•CEO 


J ON CHARACTERISTI CS 


DC Current Gain 




(1C = 360 mAdc, Vce = 5.0 Vdc) 



- 

(1C = 50 mAdc, V C E = 15 Vdc) 



- 


DYNAMIC CHARACTERISTICS 


*Current-Gain - Bandwidth Product 

(l C - 50 mAdc, Vqe = 15 Vdc, f - 200 MHz) 
* Collector-Base Capacitance 

(V C b = 15 Vdc, l E = 0,f=1.0 MHz) 

Noise Figure 

Oc = 10 mAdc, V CE = 15 Vdc, f = 200 MHz) 
(Figure 2) 


C-cb 


3.5 pF 


dB 


FUNCTIONAL TEST 


*Common-Emitter Amplifier Voltage Gain (Figure 1) 

OC = 50 mAdc, V C c = 15 Vdc, f = 50 to 

216 MHz) 

Gve 

1 1 



dB 

Cross-Modulation Distortion (Figure 3) 

Oc = 50 mAdc, Vce = 15 Vdc, V out =54 dBmV) 

XM 

— 

-7 0 

- 

dB 

*Power Input (Figure 2) 

0c-50mAdc,Vcc = 15 Vdc, Rs = 50ohms, 
P O u t = 1.26mW,f = 200MHz) 

Pin 



0.1 

mW 


* Indicates JEDEC Registered Data. 

(1) Pulsed thru a 25 mH Inductor; 50% Duty Cycle 


FIGURE 2 - 200 MHz POWER GAIN TEST CIRCUIT 



Cl, C2, C3 1 0 - 30 pF 
C4 1 0 - 20 pF 
C5 10,000 pF 
C8,C7 1,000 pF 
C8 0.01 nF 


LI 4-1/2 turns, No 22 wire, 3/16" I.D 
L4 3-1/2 turns, No. 22 wire, 3/16" I.D. 
L2.L3 0.82 pH RFC 

R1 240 OHMS, 2 WATTS 












V, VOLTAGE (VOLTS) fj, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


2N5109 (continued) 


FIGURE 3 - CROSS MODULATION TEST SETUP 


Variable Attenuator 
Field Strength Meter, 
with Detector Output 
Filter 

AC Voltmeter 


50 - 220 MHz 
1000 Hz 

Ballantine 861, or equivalent 



OPERATING INSTRUCTIONS FOR 
CROSS MODULATION TEST 

1 Set up equipment as shown in Fig, 3 

2. Set generator 1 to 150 MHz modulated 30% by 1,000 hertz, 
and tune field strength meter to 150 MHz. 

3. Adjust output level of generator 1 to give rated output 
from the amplifier under test. 

4. Adjust potentiometer and AC voltmeter for a convenient 
level. This level then corresponds to 100% cross modulation. 

5. Remove modulation. Readjust output level of generator 1 
if necessary to obtain the AC voltmeter "100% level". Do not 
readjust generator 1 during the following steps. 

6. Set generator 2 to 210 MHz modulated 30% by 1,000 hertz and 
tune field strength meter to 210 MHz. 

7. Adjust output level of generator 2 to give rated output of the 
amplifier, i e The AC voltmeter indicates the "100% level". 

8. Tune field strength meter to 150 MHz CW and read the AC volt- 
meter (a change of the AC voltmeter scale may be necessary) . 

9 Calculate percentage of cross modulation by comparing the 
reading of step 8 to the "100% level" 


FIGURE 4 - CURRENT-GAIN - BANDWIDTH PRODUCT 


VCE = 

15 Vdc 
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0 20 40 60 80 100 120 140 160 


FIGURE 5 - COLLECTOR-BASE TIME CONSTANT 



0 20 40 60 80 100 120 140 160 


1C, COLLECTOR CURRENT (mAdc) 


1C, COLLECTOR CURRENT (mAdc) 


FIGURE 6 - SATURATION VOLTAGES 



FIGURE 7 - CAPACITANCES versus REVERSE VOLTAGE 
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Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) Vre , REVERSE TRANSFER ADMITTANCE (mmhos) yj e , INPUT ADMITTANCE (mmhos) 


2N5109 (continued) 


FIGURE 8 - INPUT ADMITTANCE versus FREQUENCY 



FIGURE 10 - REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 



100 200 300 500 700 1000 


f, FREQUENCY (MHz) 


FIGURE 12 - FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 



100 200 300 500 700 1000 


f, FREQUENCY (MHz) 


FIGURE 9 - INPUT ADMITTANCE 
versus COLLECTOR CURRENT 



0 10 20 30 40 50 60 70 80 90 100 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 11 - REVERSE TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 


y re , REVERSE TRANSFER ADMITTANCE (mmhos) 
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1C, COLLECTOR CURRENT (mAdc) 


FIGURE 13 - FORWARD TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 



1C, COLLECTOR CURRENT (mAdc) 
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y oe , OUTPUT ADMITTANCE (mmhos) 


2N5109 (continued) 


FIGURE 14 - OUTPUT ADMITTANCE versus FREQUENCY FIGURE 15 - OUTPUT ADMITTANCE versus COLLECTOR 

CURRENT 



100 200 300 500 700 1000 0 10 20 30 40 50 60 70 80 90 100 

f, FREQUENCY (MHz) 1C, COLLECTOR CURRENT (mAdc) 


FIGURE 16 - INPUT REFLECTION COEFFICIENT versus FIGURE 17 - OUTPUT REFLECTION COEFFICIENT versus 

FREQUENCY FREQUENCY 
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2n5146 (SILICON) 


PNP SILICON ANNULAR MULTIPLE TRANSISTORS 

. . . designed for use in high current, high speed switching applications. 

• Low Col lector- Emitter Saturation Voltage — 

VQE(sat) = 1 0 Vdc (Max) @ Iq = 10 Adc 

• DC Current Gain Specified — 20 (Min) @ lc = 1.0 Adc 

• High Current-Gain— Bandwidth Product — 

fj = 150 MHz (Min) @ lc= 50 mAdc 

• Fast Turn-On Time 

ton = 40 ns, t 0 ff = 1 10 ns 


PNP SILICON 

MULTIPLE TRANSISTORS 



♦MAXIMUM RATINGS 


p j -~l 

tr — t 

1 c == 

Q3 Q2 

L... -,-J 

1 1 



A L 0 ‘ 


! J 1 s 

1 

Q4 Q1 

kr— id 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5.0 

Vdc 

Collector Current 

>c 

1.5 

Adc 

Operating and Storage Junction 

T jT s tg 

-65 to +200 

°C 

Temperature Range 








All Die 




One Die 

Equal Power 


Total Power Dissipation @ T^= 25°C 

P D 

400 

600 

mW 

Derate above 25°C 


2.28 

3.42 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

0.9 

3.6 

Watts 

Derate above 25°C 


5.13 

20.5 

mW/°C 


‘Indicates JEDEC Registered Data. 


STYLE 1 

PIN I COLLECTOR 

2 BASE 

3 EMITTER 

4 NOT CONNECTED 

5 EMITTER 

6 BASE 

7 COLLECTOR 

8 COLLECTOR 

9 BASE 

10 EMITTER 

11 NOT CONNECTED 

12 EMITTER 

13 BASE 

14 COLLECTOR 


millimeters! 

I INCHES 

MIN 

MAX 

MIN 

MAX 

6.10 

6.99 

0.240 

0.275 

0.76 

2.03 

0.030 

0.080 

0.?5 

0.48 

0.010 

0.019 

0.08 

0.15 

0.003 

0.006 

1.27 

BSC 

0.050 

1 BSC 

0.13 

0.89 

0.005 

0.035 

_ 

0.38 

- 

0.015 

6.35 

_ 

0.250 

_ 

18.80 

_ 

0.740 

_ 

0.25 

_ 

0.010 

_ 

_ 

0.38 

_ 

0.015 

i 7.62 

8.38 

0.300 

0.330 
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2N5146 (continued) 


♦ELECTRICAL CHARACTERISTICS (Ta = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage O) 

(I c = 10 mAdc, I fi = 0) 

bv ceo 

40 

- 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 10 nAdc, I E = 0) 

bv cbo 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(1 E = 10 ,iAdc, I c = 0) 

bv ebo 


- 

Vdc 

Collector Cutoff Current 
(V CE = 30 Vd c. V BE(off) = 2.0Vdc) 

X CE V 

- 

100 

nAdc 

Emitter Cutoff Current 
(V BE =3.0 Vdc, I c = 0) 

J EBO 

- 

100 

nAdc 

Base Cutoff Current 
(V CE =30Vdc, V BE(off) = 2.0Vdc) 

X BEV 

- 

200 

nAdc 

ON CHARACTERISTICS 

DC Current Gain HI 
(I c = 1.0 Adc, V CE =2.0 Vdc) 

h FE 

20 

- 

■ 

Collector-Emitter Saturation Voltage (1) 

(I c = 1.0 Adc, I B = 0. 1 Adc) 

V CE(sat) 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage HI 
(I c = 1.0 Adc, I fi = 0.1 Adc) 

V BE (sat) 

- 

1.4 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(I c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

150 

- 

MHz 

Collector- Base Capacitance 
( V CB = 10 Vdc, I £ = °, f = 100 kHz) 

C cb 

- 

20 

pF 

Emitter -Base Capacitance 
(V BE = 0. 5 Vdc, I c = 0, f = 100 kHz) 

C eb 

- 

80 

pF 


SWITCHING CHARACTERISTICS (See Figure 1) 


Delay Time 

< V CC = 30 Vdc. V BE(off) = 0.5 Vdc. 

*d 

- 

10 

ns 

Rise Time 

I c = 1. 0 Adc, I B1 = 0. 1 Adc) 

‘r 

* 

30 

ns 

Storage Time 

(V cc = 30 Vdc. 


- 

80 

ns 

Fall Time 

I c = 1. 0 Adc, I B1 = I B2 = 0. 1 Adc) 

1 f 

- 

30 

ns 


* Indicates JEDEC Registered Data 

HI Pulse test: Pulse Width < 300 11 s, Duty Cycle < 2. 0% 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


t r £ 5.0 ns 
PW«400 ns 
DUTY CYCLE~2.0% 



TO SCOPE 
t r ^5.0 ns 


m 


m 
















































2n51 55 (GERMANIUM) 


PNP GERMANIUM POWER TRANSISTORS 

. . . designed for high-current switching applications requiring low saturation 
voltages, fast switching times and above average Collector-Emitter Sustaining 
capability. 

• Alloy Diffused Epitaxial Construction 

• Low Saturation Voltages — 

VcE(sat) ~ 0 9 Vdc (Max) @ >c = 25 Adc 
v BE(sat) = T4 Vdc (Max) @ Iq = 25 Adc 

® DC Current Gain — 

h FE = 25 (Min) @ l c = 8.0 Adc 


♦maximum ratings 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v 

CEO 

120 

Vdc 

Collector -Base Voltage 

v 

V CB 

140 

Vdc 

Emitter-Base Voltage 

V EB 

1.5 

Vdc 

Collector Current - Continuous 
** - Continuous 
- Peak 

*c 

15 

25 

25 

Adc 

Base Current - Continuous 


5. 0 

Adc 

** 

Total Device Dissipation @T^, = 25° C 

Derate above 25° C 

P D 

106 

1.25 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +110 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

9 JC 

0.8 

°c/w 


♦Indicates JEDEC Registered Data. 

♦♦Motorola guarantees this data in addition to the JEDEC Registered data shown. 


FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 



25 AMPERE 

PNP ADE GERMANIUM 
POWER TRANSISTOR 

140 VOLTS 
106 WATTS 



A 



PIN 1 BASE 
2 EMITTER 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

- 

7.62 

- 

0.300 

D 

1.22 

1.32 

0.048 

0.052 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

8.13 

10.67 

0.320 

0.420 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case 

CASE 11A 
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2N5155 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

♦Collector-Emitter Breakdown Voltage 

bv ceo 



Vdc 

(I„ = 100 mAdc, I 0 = 0) 

U t> 

120 

- 


♦ Collector -Emitter Sustaining Voltage (See Figure 1) 

V CEO'(sus) 



Vdc 

(r - 8. 0 Adc, R„ = 10 Ohms) 

120 

- 


(I_ - 25 Adc, R - 10 Ohms) 

C Jbo 


80 

- 


♦Collector Cutoff Current 

*CEX 



mAdc 

(V CE =140Vdc, V BE(o „ r 0.2Vdc) 

- 

10 


(V CE =140Vdc, V BE{off) =0.2Vdc, T C =85“C) 


- 

25 


Collector Cutoff Current 

X CBO 



/iAdc 

(VcB= 2 - ov dc, I E =0) 

- 

200 


♦Emitter Cutoff Current 

r EBO 



mAdc 

<V EB = 1 - 5Vrt c. I C =0) 

- 

500 



ON CHARACTERISTICS 


♦DC Current Gain 

(I„ =8.0 Adc, V„„ =2.0 Vdc) 

C US 

h FE 

25 

100 

~ 

♦Collector-Emitter Saturation Voltage 
(I = 25 Adc, I Q = 2. 5 Adc) 

V CE(sat) 

- 

0. 9 

Vdc 

♦Base -Emitter Saturation Voltage 
(I c = 25 Adc, I = 2. 5 Adc) 

V BE(sat) 


1. 4 

Vdc 

Pulse Energy Test (Note 1) (See Figure 2) 

(I c = 4.2 Adc, V CE = 30 Vdc) 

PET 

1. 26 

- 

Joule 


DYNAMIC CHARACTERISTICS 


Cur rent-Gain -Bandwidth Product 
(I c - 5.0 Adc, V CE = 2.0 Vdc, f = 50 kHz) 

f T 

100 

- 

kHz 

SWITCHING CHARACTERISTICS 

Rise Time 

(V cc = -12 Vdc, I = 10 Adc, 

t 

r 

- 

18 

MS 

Storage Time 

I B1 = 1.0 Adc, I 2 = 1.0 Adc) 


- 

12 

M s 

Fall Time 

(See Figure 3) 

‘f 

- 

18 

/is 


♦Indicates JEDEC Registered Data. 

Note 1: Pulse Test: Pulse Width = 10 ms, Duty Cycle = 2.5%. 


FIGURE 2 - PULSE ENERGY TEST CIRCUIT FIGURE 3 - SWITCHING TIME TEST CIRCUIT 




2n5157 

For Specifications, See 2N3902 Data, Volume I. 
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2n5160 (SILICON) 


PNP silicon RF power transistors designed for 
amplifier, frequency multiplier or oscillator applica- 
tions in military and industrial equipment. Suitable for 
use as Class A, B, or C output driver, or pre -driver 
stages in VHF and UHF. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(1^ =5.0 mAdc, 1^ = 0) 

V CEO(sus) 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I_ = 0. 1 mAdc, I_ = 0) 

bv ebo 

4. 0 

- 

- 

Vdc 

Collector Cutoff Current 
< V CE= 28 VdC ' r B = 0) 

*CEO 

- 

- 

20 

jiiAdc 

Collector Cutoff Current 
< V CE= 60Vdc > V BE =0) 

X CES 

- 

- 

0. 1 

mAdc 

Collector Cutoff Current 
< V CB = 28VdC ’ 'E' 0 * 

X CBO 

- 

- 

1. 0 

lliAdc 


ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CE =5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(I c = 50 mAdc, V CE = 15 Vdc, f = 200 MHz) ’ 

f T 

500 

900 

- 

MHz 

Collector-Base Capacitance 
(V CB = 28 Vdc, Ig = 0, f = 0. 1 to 1.0 MHz) 

C cb 

- 

2.5 

i 

4.0 

PF 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(V CE = 28 Vdc, P. n = 0. 16 Watt, f = 400 MHz) 

(V„„ = 28 Vdc, P. = 50 mW, f = 175 MHz) 
in 

g pe 

8.0 

8. 8 

14. 5 

- 

dB 

Power Output 

( V CE = 28 Vdc, p i n = °- 16 Watt, f = 400 MHz) 

(V CE = 28 Vdc, P. n = 50 mW, f = 175 MHz) 

P out 

1.0 

1.2 

1.4 


Watt 

Collector Efficiency 

( V CE = 28 Vdc > p in = °- 16 Watt > f = 400 MHz ) 

V 

45 

55 




10 


MAXIMUM RATINGS 


Rating 

— 

Symbol 

Value 

Unit 

Collector -Emitter Voltage 

V CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 


0.4 

Adc 

Total Device Dissipation (&T = 25° C 

P D 

5.0 

Watts 

Derate above 25° C 

28. 6 

mW/° C 

Operating and Storage Junction 

Temperature Range 

T j’ T stg 

-65 to +200 

°C 



CASE 79 

(TO-39) 

Collector connected to case 


2 



STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 
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REAL IMPEDANCE (OHMS) P out , POWER OUTPUT (WATTS) 












2n5161 (SILICON) 

2n5162 

STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

CASE 36 

(TO-60) 



PNP silicon RF power transistors designed for 
amplifier or oscillator applications in military and 
industrial equipment. Suitable for use as Class B or 
C output or power oscillator in VHF applications 


Case common to emitter 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5161 

2N5162 

Unit 

Collector -Emitter Voltage 

v 

v CEO 

40 

Vdc 

Collector-Base Voltage 

v 

V CB 

60 

Vdc 

Emitter- Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

l c 

1.5 

5.0 

Adc 

Total Device Dissipation @ = 25°C 

Derate above 25°C 

P D 

20 

0.114 

50 

0.286 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°c 


FIGURE 1 - 175 MHz TEST CIRCUITS 


la - 2N5161 
1-3 



L 2 , L3 -0.33iuH RFC 

L 4 - 4 TURNS, #16 AWG, I.D. (200 nH) 

1b — 2N5162 



L 2 - 5 TURNS #20 AWG, 1/2” LONG. 
L 3 - 1 TURN #18 AWG WIRE. 
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2N5161, 2N5162 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 

(I c = 200 mAdc, I fi = 0) 

V CEO(sus)* 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 


bv ebo 




Vdc 

(I E = 1. 0 mAdc, I c = 0) 

2N5161 

4.0 


“ 


(I E = 5. 0 mAdc, I c = 0) 

2N5162 


4.0 

_ 



Collector Cutoff Current 


J CES 




mAdc 

(V CE = 60 Vdc, V BE = 0) 

2N5161 

2N5162 

_ 


0. 5 

1. 0 


(V CE = 28 Vdc, V BE = 0, T c = 200°C) 

2N5161 


- 

- 

5.0 


2N5162 


- 

- 

10 


Collector Cutoff Current 


X CBO 




mAdc 

(V CB =28 Vdc, I E = 0) 

2N5161 

- 

- 

0. 1 


2N5162 


- 

- 

0.2 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 250 mAdc, V CE = 5.0 Vdc) 

2N5161 

h FE 

10 

- 

- 

- 

(I c =2.0 Adc, V CE = 5.0 Vdc) 

2N5162 


10 

- 

- 



DYNAMIC CHARACTERISTICS 


Cur rent -Gain- Bandwidth Product 
(I c = 200 mAdc, V CE = 20 Vdc, f = 100 MHz) 2N5161 

OU = 500 mAdc, V„„ = 20 Vdc, f = 100 MHz) 2N5162 

L/ UHi 

f T 

- 

500 

500 


MHz 

Collector- Base Capacitance 
(V PR = 28 Vdc, 4 = 0, f = 0. 1 to 1.0 MHz) 2N5161 

b 2N5162 

C cb 


10 

15 

pF 


- 

45 

60 



FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(V cc = 28 Vdc, P Qut = 7.5 Watts, f= 175 MHz) 

2N5161 

g pe 

8.75 

10.3 

- 

dB 

(V cc = 28 Vdc, P Qut = 30 Watts, f = 175 MHz) 

2N5162 


6.0 

7.0 

- 


Power Output 

(V cc = 28 Vdc, P. n = 1.0 Watt, f = 175 MHz) 

2N5161 

P out 

7. 5 

8. 5 


Watts 

(V cc = 28 Vdc, P. n = 7. 5 Watts, f = 175 MHz) 

2N5162 


30 

35 

- 


Collector Efficiency 

(V cc = 28 Vdc, P Qut = 7. 5 Watts, f= 175 MHz) 

2N5161 

T) 

45 

_ 

. 

% 

(V cc = 28 Vdc, P Qut = 30 Watts, f= 175 MHz) 

2N5162 


55 

- 

- 



* Pulsed through 25 mH inductor 


2N5161 DESIGN DATA 


FIGURE 2 - POWER OUTPUT versus 
FREQUENCY 



100 150 200 250 300 350 400 

f, FREQUENCY (MHz) 



0.1 0.2 0.4 0.6 0.8 1.0 1.2 

P in , POWER INPUT (Watts) 
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, OUTPUT CAPACITANCE (pF) INp UT RESISTANCE (Ohms) 


2N5161, 2N5162 (continued) 


LARGE SIGNAL IMPEDANCE DATA 


FIGURE 4 - REAL SERIES INPUT 



0 50 100 150 200 250 300 350 


FIGURE 5 - IMAGINARY SERIES INPUT 



0 50 100 150 200 250 300 350 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


FIGURE 6 - OUTPUT CAPACITANCE versus FREQUENCY 



0 50 100 150 200 250 300 350 400 


f, FREQUENCY (MHz) 


2N5162 DESIGN DATA 


FIGURE 7 - POWER OUTPUT versus 
FREQUENCY 


FIGURE 8 - POWER OUTPUT versus 
POWER INPUT 



50 60 70 80 90 100 200 300 

f, FREQUENCY (MHz) 



0 2.0 4.0 6.0 8.0 

P jn , POWER INPUT (Watts) 
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2N51 61 , 2N5162 (continued) 


LARGE SIGNAL IMPEDANCE DATA 


FIGURE 9 - REAL SERIES INPUT RESISTANCE 
versus FREQUENCY 


FIGURE 10 - IMAGINARY SERIES INPUT 
REACTANCE versus FREQUENCY 







2n5164 thru 2n5171 (SILICON) 

2N 5164R thru 2 n5171R 


THYRISTORS 

SILICON CONTROLLED RECTIFIERS 


. . . designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 

• Supplied in Either Pressfit or Stud Package 

• High Surge Current Rating — ItSM = 240 Amp 

• Low On-State Voltage — 1.2 V (Typ) @ 1-flVl = 20 Amp 

• Practical Level Triggering and Holding Characteristics — 

10 mA (Typ) @ Tq - 25°C 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

‘Peak Reverse Blocking Voltage (1) 

V RRM 


Volts 

2N5164,2N5168 


50 


2N5165.2N5169 


200 


2N5166.2N5170 


400 


2N5167.2N5171 


600 


*Non-repetitive Peak Reverse Blocking Voltage 

V RSM 


Volts 

2N5164,2N5168 


75 


2N5165,2N5169 


300 


2N5166,2N51 70 


500 


2N5167.2N5171 


700 


Forward Current RMS 

'T(RMS) 

20 

Amp 

Circuit Fusing Considerations 

|2 t 

235 

A 2s 

(Tj = -40 to +1 00°C, t ^ 8.3 ms) 




‘Peak Forward Surge Current 

>TSM 

240 

Amp 

(One cycle, 60 Hz, Tj = -40 to +100°C) 




‘Peak Forward Gate Power 

P GFM 

5.0 

Watts 

*Average Forward Gate Power 

p GF(AV) 

0.5 

Watt 

‘Peak Forward Gate Current 

>GFM 

2.0 

Amp 

Peak Gate Voltage — Forward (2) 

V GFM 

10 

Volts 

Reverse 

V GRM 

10 


‘Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

‘Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque (3) 2N5168-2N51 71 


30 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Typ 

Max 

Unit 

‘Thermal Resistance, Junction 

0JC 



o 

O 

to Case 2N 5 164,65,66,67 

1.0 

1.5 


2N51 68,69,70,71 


1.1 

1.6 



Indicates JEDEC Registered Data. 

for all types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 
capability in a manner such that the voltage applied exceeds the rated blocking voltage. 

'2) Devices should not be operated with a positive bias applied to the gate concurrent with a 
negative potential applied to the anode. 

13) Reliable operation can be impaired if torque rating is exceeded, terminal tubes bent, or 
glass seal broken. 


THYRISTORS 

PNPN 

50-600 VOLTS 
20 AMPERES RMS 





2N5164 

2N5165 

2N5166 

2N5167 

All JEDEC dimensions and notes apply 

CASE 174-02 
TO-203AA 


STYLE 1 

TERM. 1. GATE 

2. CATHOOE 
3 ANODE 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

12.726 

12.827 

0.501 

0.505 

B 

11.811 

12.065 

0.465 

0.475 

c 

8.39 

9.65 

0.330 

0.380 

~ir~ 

2.54 

- 

0.100 


F 

0.89 

1.72 

0.035 

0.068 

j 

2.04 

2.46 

0.080 

0.097 

K 

- 

20.32 

- 

0.800 

N 

- 

12.95 


0.510 

Q 

~ L66 

2.28 

0.065 

0.090 



2N5168 

2N5169 

2N5170 

2N5171 


STYLE 1: 

TERM 1. CATHOOE 
2. GATE 
STUD : ANODE 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX I 

nr! 

15.34 

15.60 

0.604 

0.614 

8 

14.00 

14.20 

0.551 

0.559 

C 

20.70 

24.13 

0.815 

0.950 

F 

1.40 

1.65 

0.055 

0.065 

H 

2.29 

REF 

0.09C 

REF 

J 

10.67 

11.56 

0.420 

0.455 

K 

9.78 

10.54 

0.385 

0.415 . 

L 

6.99 

7.75 

0.275 

0.305 

Q 

2.03 

2.41 

0.080 

0.095 

R 

1 65 

REF 

0.065 

REF 

T 

12.70 

112.83 

0.500 

1 0.505 
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2N5164 thru 2N5171, 2N5164R thru 2N5171R (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

*Peak Forward Blocking Voltage 

VdRM<1) 



Volts 

(Tj = 100°C) 2N5164, 2N5168 


50 

- 


2N5165, 2N5169 


200 

- 


2N5166, 2N51 70 


400 

- 


2N5167, 2N5171 


600 

- 


*Peak Forward Blocking Current 

• drm 

- 

5.0 

mA 

(Rated Vqrm @ Tj - 100°C, gate open) 





Peak Reverse Blocking Current 

>RRM 

- 

5.0 

mA 

(Rated Vrrm@Tj = 100°C, gate open) 





Gate Trigger Current (Continuous dc) 

'gt (2) 



mA 

(Anode Voltage = 7.0 Vdc, R|_ = 100 ft) 


- 

40 


* (Anode Voltage = 7.0 Vdc, R L - 100 ft, Tq = -40°C) 


- 

75 


Gate Trigger Voltage (Continuous dc) 

V GT 



Volts 

(Anode Voltage = 7.0 Vdc, R|_ = 100 ft) 


- 

1.5 


* (Anode Voltage = 7.0 Vdc, R L = 100 ft, Tq = -40°C) 


- 

2.5 


*(Anode Voltage = Rated VqrM' = 100 ft, Tj = 100°C) 

Vgd 

0.2 

- 


Forward "ON” Voltage (pulsed, 1.0 ms max, duty cycle ^1%) 

V TM 



Volts 

(IXM = 20 A ) 


- 

1.5 


(Itm = 41 A > 


- 

1.7 


Holding Current 

»H 



mA 

(Anode Voltage = 7.0 Vdc, gate open) 


- 

50 


* (Anode Voltage = 7.0 Vdc, gate open, Tq = -40°C) 


- 

90 




TYPICAL 


Turn-On Time (t^ + t r ) 







(ITM = 20 A, Iqt = 40 mAdc) 

ton 

1.0 

jUS 

Turn-Off Time 

toff 



MS 

(l T M = 10 A, l R = 10 A) 


20 


(IjM = 10 A, l R = 10 A, Tj = 100°C) 


30 


(Vqrm = rated voltage) 





(dv/dt = 30 V/» s) 





Forward Voltage Application Rate 

dv/dt 

50 

V/ms 

(Gate open, Tj = 100°C) 






^Indicates JEDEC Registered Data. 

(1 )Vdrm for a ” types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. These 
devices should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the 
rated blocking voltage. 

(2) For optimum operation, i.e. faster turn-on, lower switching losses, best di/dt capability, recommended Iqt = 200 mA. 


EFFECT OF TEMPERATURE UPON TYPICAL TRIGGER CHARACTERISTICS 


FIGURE 1 - GATE TRIGGER CURRENT 



Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 2 - GATE TRIGGER VOLTAGE 
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IQ. GATE CURRENT (AMP) PEAK HALF SINE WAVE FORWARD CUR RENT (AMP) 


2N5164 thru 2N5171, 2N5164R thru 2N51 71 R (continued) 


MAXIMUM ALLOWABLE NON RECURRENT SURGE CURRENT 

FIGURE 3 - 60 Hz SURGES FIGURE A _ SUB-CYCLE SURGES 




FIGURE 5 - GATE TRIGGER 


FIGURE 6 - EFFECT OF TEMPERATURE ON 


CHARACTERISTICS 


TYPICAL HOLDING CURRENT 


- MAXIMUM ALLOWABLE FORWARD 
GATE CURRENT 

IGFM = 20 AMP 

p PEM -c n 

REQUIRED TRIGGER @ Tj ~ 25°C 





40 mA GATE CURRENT REQUIRED 
TO TRIGGER ALL UNITS@ Tj = 25°C 

MAXIMUM ALLOWABLE FORWARD 
GATE VOLTAGE VqfM = 10 VOLTS 


~T~ 

30 


60 


8.0 


~T~ 

9 0 



-40 -20 0 20 40 60 80 100 


Vg. GATE VOLTAGE (VOLTS) 


Tj, JUNCTION TEMPERATURE (°C) 
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HEAT SINK AREA (SQUARE INCHES) ij, INSTANTANEOUS FORWARD CURRENT (AMP) Tc. MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


2N5164 thru 2N5171, 2N5164R thru 2N51 71 R (continued) 


DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE 


LOADS (f = 60 


FIGURE 7 - CURRENT DERATING* 1 ) 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 

Ij(AV), AVERAGE FORWARD CURRENT (AMP) 


400 Hz, SINE WAVE) 


FIGURE 8 - FORWARD POWER DISSIPATION 



FIGURE 9 - FORWARD CONDUCTION CHARACTERISTICS 



FIGURE 10 - TYPICAL THERMAL 
RESISTANCE OF PLATES 



1.0 2.0 5.0 10 15 

0SA- THERMAL RESISTANCE (°C/W) 


U) Reverse polarity units must be derated an additional 10%; i.e., 
in Figure 7 the maximum allowable case temperature of the 
2N5164 at 16 Adc is 70°C, a £ derating of 30°C below the max- 
imum junction temperature. For the 2N5164R the derating 
would be an additional 10% or 3.0°C, making the allowable case 
temperature 67°C. 

For additional mounting information, refer to the Motorola 
brochure "Mounting Techniques for Pressfit Silicon Rectifiers 
and Silicon Controlled Rectifiers". 
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2n5179 (SILICON) 


The RF Line 


NPN SILICON RF HIGH FREQUENCY TRANSISTOR 


. . . designed primarily for use in high-gain, low-noise amplifier, oscil- 
lator, and mixer applications. Can also be used in UHF converter 
applications. 


High Current-Gain - Bandwidth Product - 
fj = 1 .4 GHz (Typ) @ lc = 10 mAdc 
Low Collector-Base Time Constant — 
rb'C c = 14 ps (Max) @ l£ = 2.0 mAdc 
Characterized with Scattering Parameters 

Low Noise Figure — 

NF = 4.5 dB (Max) @ f = 200 MHz 


4.5 dB @ 200 MHz 

HIGH FREQUENCY 
TRANSISTOR 
NPN SILICON 


‘MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

Applicable 1.0 to 20 mAdc 

v CEO 

12 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

V EB 

2.5 

Vdc 

Collector Current 

>C 

50 

mAdc 

Total Device Dissipation @ T/\ = 25°C 

PD 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

PD 

300 

mW 

Derate above 25°C 


1.71 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Indicates JEDEC Registered Data. 






STYLE 10 _j[_ D 

PIN 1. EMITTER 

2. BASE 

3. C0LLE 

4. CASE 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

0 

0.41 

0.53 

0.016 

0.021 

E 

- 

0.76 

- 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.54 

BSC 

0.100 BSC 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° 

BSC 

45° BSC 

N 

1.27 BSC 

0.050 BSC 

P 


- 1 0.050 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 
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2N5179 (continued) 


^ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

v CEO(sus) 



Vdc 

(l C = 3.0 mAdc, l B = 0) 


12 

- 


Collector-Base Breakdown Voltage 

bv C bo 



Vdc 

(IQ = 0.001 mAdc, l E = 0) 


20 

- 


Emitter-Base Breakdown Voltage 

bv EBO 



Vdc 

(lE = 0.01 mAdc, l C = 0) 


2.5 

- 


Collector Cutoff Current 

'CBO 



/iAdc 

( V CB = 15 Vdc, l E = 0) 



0.02 


(V C B = 15 Vdc, l E = 0, T A = 150°C) 


; 

1.0 



ON CHARACTERISTICS 


DC Current Gain 
(lC = 3.0 mAdc, V CE = 1.0 Vdc) 

h FE 

25 

250 

- 

Collector-Emitter Saturation Voltage 

Oc - 10 mAdc, l B = 1.0 mAdc) 

v CE(sat) 


0.4 

Vdc 

Base-Emitter Saturation Voltage 
(lC = 10 mAdc, l B = 1-0 mAdc) 

v BE(sat) 

_ 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 0 

OC = 5.0 mAdc, V C E * 6.0 Vdc, f = 100 MHz) 

fT 

900 

2000 

MHz 

Collector-Base Capacitance 
(V CB = 10 Vdc, l E =0, f=0.1 to 1.0 MHz) 

C cb 

- 

1.0 

pF 

Small-Signal Current Gain 
(l C = 2.0 mAdc, V C E = 6.0 Vdc, f = 1 .0 kHz) 

h fe 

25 

300 

- 

Collector-Base Time Constant 

Oe - 2.0 mAdc, V CB = 6.0 Vdc, f = 31.9 MHz) 

r b C c 

3.0 

14 

ps 

Noise Figure (See Figure 1) 

(l C = 1.5 mAdc, V C E = 6.0 Vdc, R S = 50 ohms, f - 200 MHz) 

NF 

_ 

4.5 

dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (See Figure 1) 

(V CE = 6.0 Vdc, lc = 5.0 mAdc, f = 200 MHz) 

Gpe 

15 

_ 

dB 

Power Output (See Figure 2) 

(V C b = 10 Vdc, l E = 12 mAdc, f£500 MHz) 

B out 

20 

_ 

mW 


’Indicates JEDEC Registered Values. 

0f T is defined as the frequency at which |hf e j extrapolates to unity. 
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NF, NOISE FIGURE (dB) 


2N5179 (continued) 


FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


TYPE 

1N3195 



LI 1-3/4 Turns, #18 AWG, 0 5" L, 0 5" Diameter 

L2 2 Turns, #16 AWG, 0 5" L, 0.5" Diameter 

L3 2 Turns, #13 AWG, 0 25" L, 0.5" Diameter (Position 1/4” from L2) 


FIGURE 3 - NOISE FIGURE 
versus FREQUENCY 



50 70 100 200 300 500 


f, FREQUENCY (MHz) 


FIGURE 2- 500MHz OSCILLATOR CIRCUIT 

NOTE 2 



1 General Radio Type 874-WN3 Short-circuit termination or equivalent 
Note 2 - RFC = 0.2 pH Ohmite #2-460 or equivalent 
Note 3 - Lead Number 4 (case) floating 
LI - 2 turns #16 AWG wire, 3/8 inch 00, 1-1/4 inch long 
Q = 2N5179 


FIGURE 4 - NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 



FIGURE 5 - NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (mAdc) 
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2N5179 (continued) 


FIGURE 11 - Sii, INPUT REFLECTION COEFFICIENT 

3 


FIGURE I2-S22. OUTPUT REFLECTION COEFFICIENT 


JO ° 












2N 5190 thru 2N 5192 (SILICON) 

MJE5190 thru MJE5192 


SILICON NPN POWER TRANSISTORS 

... for use in power amplifier and switching circuits, — excellent safe 
area limits. Complement to PNP 2N5193, 2N5194, 2N5195 and 
MJE5193, MJE5194, MJE5195. 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N5190 

MJE5190 

2N5191 

MJE5191 

2N5192 

MJE5192 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5 0 

Vdc 

Collector Current 

*C 

— ■ 4 0 

Adc 

Base Current 

>B 

1.0 - — 

Adc 



2N5190 Series 

MJE5190 Series 


Total Device Dissipation @Tq = 25°C 

Derate above 25°C 

PD 

40 

320 

60 

480 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J< T stg 

— 65 to +150 ■ - 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N5190 

Series 

MJE5190 

Series 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3 12 

2.08 

°C/W 


♦ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherw.se noted) 

| Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-E m itter Sustaining Voltage ( 1 
(l c = 0.1 Adc, l B =0) 

2IM5190,MJE5190 
2N5191 ,MJE5191 
2N5192,MJE5192 

v CEO<sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



m Adc 

(V CE =40 Vdc, l B =0) 

2N5190.MJE5190 



1.0 


(V CE =60 Vdc,l B = 0) 

2N5191 .MJE5191 


- 

1.0 


(V CE =80 Vdc, l B =0) 

2N 5192.M JE5192 


- 

1 0 


Collector Cutoff Current 


1 CE X 



mAdc 

( Vq E =46 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2IM5190,MJE5190 


- 

0.1 


(Vce = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5191.MJE5191 


- 

0.1 


(V C E = 80 Vdc, V EB(off) = 1 5 Vdc , 

2N5192.MJE5192 


_ 

0.1 


<V C e = 40 Vdc, V EB ( 0ff ) = 1.5 Vdc, 

2N5190.MJE5190 


- 

2.0 


T C =125°C) 






(V C E = 60 Vdc, V EB ( 0f f ) = 1.5 Vdc, 

2N5191.MJE5191 


- 

2.0 


T C =125°C) 






( V C £ =80 Vdc, V E B (off) -1.5 Vdc, 

2N5192.MJE5192 


- 

2.0 


T C =125°C) 






Collector Cutoff Current 


'CBO 



m Adc 

(V CB =40 Vdc,l E =0) 

2N5190,MJE5190 


- 

0.1 


(V C b = 60 Vdc, l E = 0) 

2N5191.MJE5191 


- 

0.1 


( Vcb = 80 Vdc, l E = 0) 

2N5192.MJE5192 


- 

0.1 


Emitter Cutoff Current 


'EBO 



mAdc 

<V B E = 5.0 Vdc, 1 c = 0) 



- 

1 1.0 



ON CHARACTERISTICS 


DC Current Gam(1) 

0C- 1.5 Adc, V C E = 2.0 Vdc) 2N5190,MJE5190 

2N5191 ,MJE519t 
2N5192.MJE5192 

dC = 4.0 Adc, V CE =2.0 Vdc) 2N5190.MJE5190 

2N5191 .MJE5191 
2N5192.MJE5192 

hpE 

25 

25 

20 

10 

10 

7.0 

100 

100 

80 


Collector-Emitter Saturation Voltage(l) 

Oc-1.5 Adc,l B = 0.15 Adc) 

0c = 4.0Adc,l B = 1.0Adc) 

VCE(sat) 


0.6 

1.4 

Vdc 

Base-Emitter On Voltage(l) 

(IC-1.5 Adc, V CE =2.0 Vdc) 

v BE(on) 

_ 

1.2 

Vdc 

DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(IC=1-0Adc, V CE = 10 Vdc, f= 1.0 MHz) 

♦T 

2.0 

_ 

MHz 


UlPulse Test: Pulse Width <300 Duty Cycle <2.0%. 
’Indicates JEDEC Registered Data for 2N5190 Series. 


4 AMPERE 

POWER TRANSISTORS 
SILICON NPN 

40-80 VOLTS 
40 and 60 WATTS 



STYLE 1 


MILLIMETERS 

INCHES 


PIN 1. EMITTER 

DIM 

MIN 

MAX 

MIN 

MAX 


2. COLLECTOR 

3. BASE 

A 

10.80 

11.05 

0.425 

0.435 


B 

7.49 

7.75 

0.295 

"OBT 



C 

2.41 

2.67 

0.095 

0.105 



D 

0.51 

0.66 

0.020 

0.026 


2N5190 

f 

h JIT 

3.00 

0.115 

0.118 


G 

2.36 BSC 

0.09 

BSC 


2N5191 

2N5192 

H 

2.16 

2.41 

0.085 

0.095 


J 

0.38 

0.64 

0.015 

0.025 


K 

15.3a 

16.64 

0.605 

0.655 



M 

3 U 

YP 

3° 

TYP 



Q 

3.76 

4.01 

0.146 

0.158 



R 

1.14 

1.40 

0.045 

0.055 


CASE 77-03 

S 

0.64 

0.89 

0.025 

0.035 



u 

3.68 

3.94 

0.145 

0.155 




STYLE 1 
PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 


MJE5190 

MJE5191 

MJE5192 


CASE 199-04 


DIM 

MILLIMETERSl INCHES | 

MIN | MAX | MIN | MAX | 

A 

16.08 

16.33 

0.633 

0.643 

B 

12.57 

12.83 

0.495 

0.505 

"c 


3 43 

0125 

0.135 

D 

0 51 

0 76 

0 020 

0.030 

— i 

3.61 

3.86 

0142 

0152 


2 5- 

BSC 

0.100 BSC 1 

H 

2.67 

2.92 

0.105 

0 115 

J 

0.43 

0.69 

0 017 

0.027 

K 

1473 

14 99 

0 580 

0.590 


2.16 

2.41 

0 085 

0.095 

~mr 

«,3° 

TYP 

30 

TYP 

N 

1.47 

1.73 

0.058 

0.068 

Q 

4.78 

5.03 

0188 1 

0.198 

R 

1 91 

2.16 

0.075 

0 085 

S 

0.81 

0.86 

0.032 

0.034 

T 

6 99 

7 24 

0 275 

0.285 

U 

6 22 

6 48 

0 245 

0.255 


NOTES 

1 DIM "G" IS TO CENTER OF LEADS 
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(NORMALIZED) 


2N5190 thru 2N5192/MJE5190 thru MJE5192 (continued) 


FIGURE 1 - DC CURRENT GAIN 









2N5190 thru 2N5192/MJE5190 thru MJE5192 (continued) 



VbE. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 



FIGURE 7 - SWITCHING TIME EQUIVALENT CIRCUIT 




0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 40 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 9 - TURN-ON TIME FIGURE 10 - TURN-OFF TIME 
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2N5190 thru 2N5192/MJE5190 thru MJE5192 (continued) 


RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 11 - 2N5190,2N5191,2N5192 FIGURE 12 - MJE5190, MJE5191, MJE5192 



There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - ^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 



VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 

The data of Figures 11 and 12 is based on Tjip^j = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tjip^) < 150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 


FIGURE 13 - THERMAL RESPONSE 



t, TIME OR PULSE WIDTH (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 



i/f -j „ 

DUTY CYCLE D = ti-f = r 1 
l P 

PEAK PULSE POWER = P p 


A tram of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re- 
sponse, the normalized effective transient thermal resistance of 
Figure 13 was calculated for various duty cycles. 

To find 0jclt), multiply the value obtained from Figure 13 by 

the steady state value 0 jc- 

Example: 

The 2N5190 is dissipating 50 watts under the following condi- 
tions: t-j = 0.1 ms, tp = 0.5 ms. (D = 0.2). 

Using Figure 13, at a pulse width of 0.1 ms and D = 0.2, the 
reading of r(ti, D) is 0.27. 

The peak rise in junction temperature is therefore: 

aT = r(t) X P P X 0 JC = 0.27 X 50X3.12 = 42.2°C 
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2N 5193 thru 2N 5195 (SILICON) 

MJE5193 thru MJE5195 


SILICON PNP POWER TRANSISTORS 

... for use in power amplifier and switching circuits, — excellent safe 
area limits. Complement to NPN 2N5190, 2N5191, 2N5192 and 
MJE5190, MJE5191, MJE5192. 


‘MAXIMUM RATINGS 


Rating 

Symbol 

2NS193 

MJE5I93 

2NS194 

MJE5194 

2NSI9S 

MJE5195 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

— 5.0 — 

Vdc 

Collector Current 

'c 

— 4 0 — 

Adc 

Base Current 

'b 

— 1 0 — 

Adc 



2N5193 

MJE5193 

Series 


Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 

p D 

40 

320 

60 

480 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj. T St g 

— 65 to +150 — 

°C/W 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N5193 

Series 

MJE5193 

Series 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3 12 

2.08 

°C/W 


* ELECTR ICAL CHARACTER ISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic | Symbol | $ Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(I C = 0 1 Adc, l B = 0) 2N5193, MJE5193 

2N5194, MJE5194 

2N5195, MJE5195 

v CEO(sus> 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



m Adc 

(V CE = 40 Vdc, l B = 0) 

2N5193. MJE5193 


- 

1 0 


(V C E = 60 Vdc, l B = 0) 

2N5194, MJE5194 


- 

1 0 


(Vce = 80 Vdc, l B = 0) 

2N5195, MJE5195 


- 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(Vce = 4 ° v dc, V BE ( off ) = 

1 5 Vdc) 2N5193, MJE5193 


- 

0 1 


(Vce = 60 Vdc, V BE (off) = 

1.5 Vdc) 2N5194, MJE5194 


- 

0 1 


(v C e = 80 Vdc, v BE ( 0 ff) = 

1 5 Vdc) 2N5195, MJE5195 


- 

0 1 


(v C e = 4 o vdc, v BE ( of f) = 

1 5 Vdc, 2N5193, MJE5193 


- 

20 


T C = 1 25°C) 






(v C e = 60 vdc, v BE (off) = 

1 5 Vdc, 2N5194, MJE5194 


- 

2.0 


T C = 125°C) 






(Vce = 80 Vdc, V BE (off) = 

1 5 Vdc, 2N5195, MJE5195 


- 

2.0 


T C = 125 °c> 






Collector Cutoff Current 


>CBO 



mAdc 

(V C B ’ 4 0 Vdc, l E = 0) 

2N5193, MJE5193 


- 

0 1 


(Vcb = 60 Vdc, l E = 0) 

2N5194, MJE5194 


- 

0 1 


(V CB = 80Vdc, Ie = 0> 

2N5195. MJE5195 


- 

0.1 


Emitter Cutoff Current 


( EBO 



mAdc 

(V BE = 5.0 Vdc, l c = 0) 



- 

1 0 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(1C = 1 .5 Adc, V CE = 2,0 Vdc) 2N5193, MJE5193, 

2N5194, MJE5194, 

2N5195, MJE5195 

(1C = 4 0 Adc, V C E =20 Vdc) 2N5193, MJE5193, 

2N5194, MJE5194, 

2N5195, MJE5195 

hFE 

25 

20 

10 

7.0 

100 

80 


Collector-Emitter Saturation Voltage (1) 

VcE(sat) 



Vdc 

(1C = 1.5 Adc, l 8 = 0 15 Adc) 


- 

0.6 


<l c =4,0 Adc, l B = 1.0 Adc) 


- 

1 2 


Base-Emitter On Voltage (1) 

v BE(on) 



Vdc 

(l C = 1.5 Adc, V C E = 2.0 Vdc) 


- 

1 2 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

h- 



MHz 

(I C = 1.0 Adc, V CE ,= 10 Vdc, f = 1.0 MHz) 


2.0 




'Indicates JEDEC Registered Data for 2N5193 Series. 

(1) Pulse Test- Pulse WidthS 300 m*. Duty CycleS;2.0%. 


4 AMPERE 

POWER TRANSISTORS 
SILICON PNP 

40-80 VOLTS 
40 and 60 WATTS 



rte-i, 

("■"H r C 


STYLE 1 

PIN 1 EMITTER 

2. COLLECTOR 

3. BASE 


2N5193 

2N5194 

2N5195 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

ITT 

G 

2.36 

BSC 

0.09 

BSC 

H 

2.16 

2.41 

T085 1 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.38 

16.64 

0 605 

0,655 

M 

3° 1 

rYP 

30’ 

rYP 

Q 

3.76 

4.01 ' 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 





! 


i 
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VOLTAGE (VOLTS) Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE, DC CURRENT GAIN (NORMALIZED) 


2N5193 thru 2N5195/MJE5193 thru MJE5195 (continued) 


FIGURE 1 - DC CURRENT GAIN 



1C, COLLECTOR CURRENT (AMP) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 


IB, BASE CURRENT (mA) 




0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 0.005 0.01 0.020.03 0.05 0.1 0.2 0.3 0.5 1-0 2.0 3.04.0 

1C, COLLECTOR CURRENT (AMP) 1C, COLLECTOR CURRENT (AMP) 
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t. TIME (ms) _ l C , COLLECTOR CURRENT (jiA) 


2N5193 thru 2N5195/MJE5193 thru MJE5195 (continued) 



+0.4 +0.3 +0.2 +0.1 0 -0.1 -0.2 -0.3 -0.4 -0.5 -0.6 

VbE. BASE-EMITTER VOLTAGE (VOLTS) 



£ 20 40 60 80 100 120 140 160 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 7 - SWITCHING TIME EQUIVALENT CIRCUIT 


FIGURE 8 - CAPACITANCE 



TURN-OFF PULSE 100 <t2< 500 /jls 
t3< 15 1 ns 

DUTY CYCLE « 2.0% 



FIGURE 9 - TURN-ON TIME 


FIGURE 10 - TURN OFF TIME 
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2N5193 thru 2N5195/MJE5193 thru MJE5195 (continued) 


RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 11 - 2N5193, 2N5194, 2N5195 FIGURE 12 - MJE5193. MJE5194, MJE5195 



'•'I l l l I L— L U-J I U I.. 1—1 3 U 

1.0 2.0 5.0 10 20 50 100 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Note 1 : 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vci= limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 



VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 

The data of Figures 11 and 12 is based on Tjfpk) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|<) ^ 150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 


FIGURE 13 - THERMAL RESPONSE 



DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 




1 

tp - 




r 0 


p p 

1 

1 

1 

I 1^ 

1 

i 

1 

1 



h Vi -1 t, 

DUTY CYCLE 0 * tj-f . 

*P 

PEAK PULSE POWER »P p 


A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re- 
sponse, the normalized effective transient thermal resistance of 
Figure 13 was calculated for various duty cycles. 

To find 0jc(t), multiply the value obtained from Figure 13 by 
the steady state value 0 jq. 

Example: 

The 2N5193 is dissipating 50 watts under the following condi- 
tions: tj = 0.1 ms, tp = 0.5 ms. (D = 0.2). 

Using Figure 13, at a pulse width of 0.1 ms and D = 0.2, the 
reading of r (t-| , D) is 0.27. 

The peak rise in junction temperature is therefore: 

aT = r(t) X Pp X 0jc = 0.27 X 50 X 3.12 = 42.2°C 
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2n5208 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for general purpose RF amplifier applications 
in the frequency range up to 300 MHz. 


Low Col lector- Base Time Constant - rb 'Cc^ 1 0 P s 
Low Noise Figure N.F. = 3.0dB max @ 100 MHz 
High Power Gain — G pe = 22 dB min @ 100 MHz 
CompleteY-Parameter Curves 

Low Leakage Current — ICBO < 1 0 nAdc @ Vcb = 1 0 V 
Stability Factor Curves - For Direct Circuit Design 


* MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-55 to +1 50 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA<P 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

’Indicates JEDEC Registered Data. 




(1) R$ja * s measured with the device soldered into a typical printed circuit board. 


PNP SILICON 

SWITCHING AND AMPLIFIER 
TRANSISTOR 



SEATING- 

PLANE 



— A- 


, \ 


i 

T\ N 







F 

K 

1 

D 

r 

1 

Li 

t 

. i 


V- 


STYLE 2: 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR 



1 

1 

1 I 

o < 

V 

T 

L 2 

s B 


S 




MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L j 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

_ 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5208 (continued) 


* ELECTRICAL CHARACTERISTICS (T a = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0 mAdc, I B = 0) 

bv ceo 

25 

- 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 0. 1 mAdc, I E = 0) 

bv cbo 

30 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 10 pAdc, I c = 0) 

bv ebo 

3.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc ’ ! E = 0) 

^BO 

- 

10 

nAdc 

Emitter Cutoff Current 
(V BE = 2.0 Vdc, I c = 0) 

J EBO 

- 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 2.0 mAdc, V CE = 10 Vdc) 

h FE 

20 

120 


Base-Emitter On Voltage 
(I c = 2.0 mAdc, V CE = 10 Vdc) 

V BE(on) 

- 

0. 85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 2.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

f T 

300 

1200 

MHz 

Collector-Base Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 1. 0 MHz) 

C cb 

- 

1.0 

pF 

Input Capacitance 

( V Be =2.0 Vdc, I c = 0, f = 1. 0 MHz) 

c ib 

- 

4.0 

pF 

Collector- Base Time Constant 
(I £ = 2. 0 mAdc, V CB = 10 Vdc, f = 31. 8 MHz) 

V C c 

- 

10 

ps 

Noise Figure (See Figure 1) 

(I c = 2. 0 mAdc, V CE = 10 Vdc, R g = 75 ohms, f = 100 MHz, 

BW = 1.0 MHz) 

NF 

- 

3.0 

dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (See Figure 1) 

G De 

22 

_ 

dB 

(I c =2.0 mAdc, V CE = 10 Vdc, f = 100 MHz) 

P e 





* Indicates JEDEC Registered Data 


FIGURE 1 - 100 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


2.0 pF 0.7 - 10 pF 



OUTPUT 


T1 Ballun Core, 5 turns primary, 5 tuns 
secondary. No. 24 bifilar wound. 

T2 '/* inch inner diameter, 514 turns 
tapped up Vi turn. No. 16 buss wire. 
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G pe , POWER GAIN (dB) bf e (mmhos) bj e (mmhos) 


FIGURE 4 - FORWARD TRANSFER ADMITTANCE FIGURE 5 - REVERSE TRANSFER ADMITTANCE 


30 MHz « 30 MHz j 

50 MHz/ f 


200 MHz^ 

300 MHz aq 





1 30 MHz 

LB0 MH? 






, 100 MHz 




Ic - 1.0 

o 2.0 mA 







> 200 MHz 





/ 




! 


L 

X) MHz 





i 




FIGURE 6 - POWER GAIN AND NOISE FIGURE 

1 1 1 1 I 14 

V CE = 10 V Gp 8 I f= 100 MHz 

1 / RS = 75 Ohms — 12 


STABILITY FACTOR CURVE 

FIGURE 7 - MAXIMUM TRANSDUCER GAIN 


2.0 3.0 4.0 5.0 6.0 7.0 

1C. COLLECTOR CURRENT (mAdc) 


f, FREQUENCY (MHz) 








2N5208 (continued) 


COMMON-EMITTER Y PARAMETERS vs FREQUENCY 

Vqe = 10 Vdc, Ta = 25°C 

FIGURE 8 - INPUT ADMITTANCE FIGURE 9 - OUTPUT ADMITTANCE 



30 40 50 70 100 200 300 30 40 50 70 100 200 300 


f, FREQUENCY (MHz) f. FREQUENCY (MHz) 

FIGURE 10 - FORWARD TRANSFER ADMITTANCE FIGURE 11 - REVERSE TRANSFER ADMITTANCE 



70 100 

200 

300 

30 

40 

50 

70 100 

200 

300 

f, FREQUENCY (MHz) 






f, FREQUENCY (MHz) 




STABILITY FACTOR CURVES 

FIGURE 12 - OPTIMUM SOURCE ADMITTANCE FIGURE 13 - OPTIMUM LOAD ADMITTANCE 



f, FREQUENCY (MHz) f, FREQUENCY (MHz) 

When a potentially unstable device is operated without feedback, therq is an infinite number of combinations of 
source and load admittance associated with any given circuit stability factor (k). Equations have been developed for 
determining the optimum source and load admittance for maximum gain. Figures 7, 12 and 13 provide a solution to 
the equations for the 2N5208. 
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INOWIDTH PRODUCT (MHz) 


2N5208 (continued) 



NOISE FIGURE 


FIGURE 14 - FREQUENCY EFFECTS 

FIGURE 15 

SOURCE RESISTANCE EFFECTS 

7.0 | r 

VCE= 10 V 

VCE 

IHIIIMHIIIKl 

60 Iq = 2.0 mA 

RS = 75 Ohms 


Hiihihikiii 


■■■■■ 

null 


f. FREQUENCY (MHz) 


RS. SOURCE RESISTANCE (Ohms) 


FIGURE 16 -CURRENT-GAIN —BANDWIDTH PRODUCT 


FIGURE 17 - CAPACITANCES 



2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

1C, COLLECTOR CURRENT (mA) 





■II 


!■■■ 




■■nl 


n» 


0.1 0.2 0.5 1.0 2.0 5.0 10 20 30 

REVERSE BIAS (Vdc) 


FIGURE 18 - DC CURRENT GAIN 
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2n5209 (SILICON) 
2n5210 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for general-purpose amplifier applications and for com- 
plementary circuitry with PNP types 2N5086 and 2N5087. 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 50 Vdc (Min) @ Iq = 1.0 mAdc 

• Current Gain Specified From 1 00 mA to 10 mA 

• Low Collector-Base Capacitance — 

C c b = 4.0 pF (Max) @ Vqb = 5.0 Vdc 


NPN SILICON 

AMPLIFIER TRANSISTORS 



♦MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

4.5 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-55 to +1 50 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 

indicates JEDEC Registered Data. 




(1) RflJA is measured with the device soldered into a typical printed circuit board. 



A- 


„ { . 


c 

/! N 

SEATING- 7 P T 
PLANE | 

r 


— F 

D — 

K 

1 

i- 

-L 


STYLE 1- 

PIN 1. EMITTER 

2. BASE 

3. C0LLECTC 


Q 


1 2 3 ' 

o o o- 

4 8 

Us 

trr 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 " 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

— 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

_ 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 


2-B0 




NF, NOISE FIGURE (dB) 


2N5209, 2N5210 (continued) 


*E LECTRICA L CHAR ACTER ISTICS (T* = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0 mAdc, I B = 0) 

bv ceo 

50 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 0. 1 mAdc, I E = 0) 

bv cbo 

50 

- 

Vdc 

Collector Cutoff Current 
(V CB = 35 Vdc, I £ = 0) 

*CBO 

- 

50 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0Vdc, I c = 0) 

r EBO 

- 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(I r = 100 juAdc, V ptr = 5. 0 Vdc) 2N5209 

C 2N5210 

(I r = 1. 0 mAdc, V rp = 5. 0 Vdc) 2N5209 

2N5210 

(I r = 10 mAdc, V r „ = 5.0 Vdc)(l) 2N5209 

^ 2N5210 

h FE 

100 

200 

150 

250 

150 

250 

300 

600 

- 

- 


Collector-Emitter Saturation Voltage 
(1^ = 10 mAdc, Ig = 1. 0 mAdc) 

V CE(sat) 

- 

0.7 

Vdc 

Base -Emitter On Voltage 
(I c = 1. 0 mAdc, V C£ = 5. 0 Vdc) 

V BE(on) 

- 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 


f T 



MHz 

(I c = 500 pAdc, V CE = 5. 0 Vdc, f = 20 MHz) 



30 

- 


Collector Base Capacitance 


C cb 



pF 

( V CB = 5 - 0 Vdc > x e = °» f = 100 kHz) 


- 

4.0 

Small-Signal Current Gain 


h fe 



_ 

(I c = 1.0 mAdc, V CE = 5. 0 Vdc, f = 1. 0 kHz) 

2N5209 

150 

600 


2N5210 


250 

900 


Noise Figure 


NF 



dB 

(I c = 20 pAdc, V CE = 5. 0 Vdc, R g = 22 k ohms, 

2N 52 09 


_ 

3.0 


f = 10 Hz to 15.7 kHz) 

2N5210 


- 

2.0 


(I c = 20 pAdc, V CE = 5. 0 Vdc, R g =10 k ohms, 

2N5209 



4.0 


f= 1.0 kHz) 

2N5210 


- 

3.0 



* Indicates JEDEC Registered Data 
(l)Pulse Test: Pulse Width = 300 pis, Duty Cycle = 2.0%. 


NOISE FIGURE 

(V C e = 5.° Vdc, T a = 25°C) 


FIGURE 1 - NOISE FIGURE versus FREQUENCY 
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2N5209, 2N5210 (continued) 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

l c , COLLECTOR CURRENT (mA) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 700 1000 

i B , BASE CURRENT (mA) 


FIGURE 5 - CURRENT-GAIN— BANDWIDTH PRODUCT FIGURE 6 - CAPACITANCES 



l c , COLLECTOR CURRENT (mA) 



REVERSE VOLTAGE (VOLTS) 
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2n5219 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 

. designed for general-purpose amplifier applications. 

Low Collector-Emitter Saturation Voltage 
VcE(sat) = 0-4 Vdc (Max) @ lc = 10 mAdc 
High Current-Gain— Bandwidth Product 
fj = 1 50 MHz (Min) @ lc = 10 mAdc 
Low Col lector- Base Capacitance 

C c b= 4.0 pF (Max) @ Vqe = 10 Vdc 


NPN SILICON 
AMPLIFIER TRANSISTOR 



* MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 

Total Power Dissipation @ T/^ = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-55 to +1 50 

°C 

*THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JA (D 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

^Indicates JEDEC Registered Data. 




(1) R(?ja is measured with the device soldered into a typical printed circuit board. 


SEATING- 

PLANE 


- 

— A^ 


1 


—J 

c 

| 

f\ N 




1 



F 

K 

D-— 

Ih4 1 




-L 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 

I 

,_L 

1 2 3 1 
& 

(_J 

c 

1- B 

{ ^ 
-H S 

J 

rr 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 1 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2IM5219 (continued) 


* ELECTRICAL CHARACTERISTICS (T a = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0mAdc, I 0 = O) 

bv ceo 

15 

- 

Vdc 

Col lector -Base Breakdown Voltage 
(I c = 100 pAdc, I E = 0) 

bv cbo 

20 

- 

Vdc 

Emitter- Base Breakdown Voltage 
(I E = 100 pAdc, I c = 0) 

bv ebo 

3.0 

- 

Vdc 

Collector Cutoff Current 
(V CB - 10 Vdc, I E = 0) 

^BO 

- 

100 

nAdc 

Emitter Cutoff Current 
(V BE = 2.0 Vdc, I c =0) 

J E BO 

- 

500 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 2.0 mAdc, V CE = 10 Vdc) 

h FE 

35 

500 

- 

Collector-Emitter Saturation Voltage 

(I 0 = 10 mAdc, L = 1. 0 mAdc) 

O o 

V CE(sat) 

- 

0.4 

Vdc 

Base- Emitter Saturation Voltage 
(I c = 10 mAdc, I B = 1. 0 mAdc) 

V BE (sat) 

- 

1.0 

Vdc 

DYNAMIC CHARACTERISTICS 

Current- Gain— Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 20 MHz) 

‘T 

150 

- 

MHz 

Collector- Base Capacitance 
(V CB = 10 Vdc, I E = 0, f = 1. 0 MHz) 

C cb 

- 

4.0 

pF 

Small-Signal Current Gain 
(I c = 2. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h fe 

35 

1500 

- 


* Indicates JEDEC Registered Data 


2-84 







2n5220 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for low-power, large signal audio and general-purpose 
amplifier applications. Complements PNP type 2N5221 . 

• Low Saturation Voltage — VcE(sat) = 0-5 Vdc (Max) 

@ I c = 150 m Adc, I b = 1 5 mAdc 


NPN SILICON 

AMPLIFIER TRANSISTOR 



♦MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

>C 

500 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq - 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T jT stg 

-55 to +1 50 

°C 

♦THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

'Indicates JEDEC Registered Data. 




(1) RfljA is measured with the device soldered into a typical printed circuit board. 


PLANE 



— A^ 


1 , 


D 

7Tn 

P T 

i 

- f 

i- 

R 

— F 

D-*- 

K 

-L 


STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 

_,_L 

1 2 3 ' 

o o o 

"4 b 

s 

U 1 



MILLIMETERS 

INCHES ! 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

p 

6.350 

- 

0.250 

- 

Q 

3.430 

1 

- - . I 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5220 (continued) 


* ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(I c = 10 mAdc, 1=0) 

bv ceo 

15 

- 

Vdc 

Collector- Base Breakdown Voltage 
(I c - 100 txAdc, I E = 0) 

bv cbo 

15 

- 

Vdc 

Emitter -Base Breakdown Voltage 

(I E = 100 MAdc, I c = 0) 

bv ebo 

3. 0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc , I E = 0) 

! cbo 

- 

100 

nAdc 

Emitter Cutoff Current 
(V BE = 3 0 Vdc - = 0) 

X EBO 

- 

100 

nAdc 

ON CHARACTERISTICS (1) 

DC Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc) 

h FE 

25 

_ 

- 

(I c = 50 mAdc, V CE = 10 Vdc) 


30 

600 


Collector-Emitter Saturation Voltage 
(1^, = 150 mAdc, I B = 15 mAdc) 

V CE(sat) 

- 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(I_, = 150 mAdc, I_ = 15 mAdc) 

K, D 

V BE (sat) 

* 

1. 1 

Vdc 


DYNAMIC CHARACTERISTICS 


Current- Gain— Bandwidth Product 
(I c = 20 mAdc, V CE = 10 Vdc, f = 20 MHz) 

f T 

100 

- 

MHz 

Collector- Base Capacitance 
(V CB = 5.0 Vdc, lg = 0, f = 1.0 MHz) 

C cb 

- 

10 

pF 

Small-Signal Current Gain 
(I c = 50 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h fe 

30 

1800 



* Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width = 300 /is, Duty Cycle = 2.0%. 
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2n5221 (SILICON) 


I 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for low-power, large signal audio and general-purpose 
amplifier applications. Complements NPN type 2N5220. 

• Low Saturation Voltage - VcE(sat) = 0-5 Vdc (Max) 

@ lc = 150 mAdc, lg = 15 mAdc 


* MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

15 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 

Total Power Dissipation = 25°C 

P D 

310 

350 

mW 

Derate above 25°C 


2.8 

2.73 

mW/°C 

Total Power Dissipation @Tq = 25°C 

p D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +135 
-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

'Thermal Resistance, Junction to 

Ambient 

r 0JA(1) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 


* Indicates JEDEC Registered Data. 

(1) R0ja ' s rneasured with the device soldered into a typical printed circuit board. 


PNP SILICON 
AMPLIFIER 
TRANSISTOR 




/! N 
SEATING -7 P t 
PLANE 


STYLE 1 
Pin 1 Emitter 


3 Collector 

Q 


1 



4 b 



s 

\j t 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 


1 
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2N5221 (continued) 


^ELECTRICAL CHARACTERISTICS {T/\ = 25°C unless otherwise noted) 

| Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C ~ 10 mAdc, lg = 0) 

BVceo 

15 

_ 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100 M Adc, Ie = 0) 

bv CBO 

15 

_ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, l C = 0) 

bv EBO 

3.0 

_ 

Vdc 

Collector Cutoff Current 

(V C b= 10Vdc, l E = 0) 

*CBO 

_ 

100 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l C = 0) 

•ebo 

_ 

100 

nAdc 

ON CHARACTERISTICS (1) 

DC Current Gain 
(l c = lOmAdc, V CE = 10 Vdc) 

(l c = 50 mAdc, V CE = 10 Vdc) 

hpE 

25 

30 

600 

_ 

Collector-Emitter Saturation Voltage 
(1C = 150 mAdc, l B = 15 mAdc) 

v CE(sat) 

_ 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(1C =150 mAdc, 1 B * 1 5 mAdc) 

v BE(sat) 

_ 

1.1 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 20 mAdc, V CE = 10 Vdc, f = 20 MHz) 


100 


MHz 

Collector-Base Capacitance 
(V CB = 5.0 Vdc, l E = 0, f = 1.0 MHz) 

C cb 

_ 

15 

PF 

Small-Signal Current Gain 

(l c = 50 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

^fe 

30 

1800 

- 


♦Indicates JEDEC Registered Data. 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 
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2n5222 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 

. . designed for RF amplifier, mixer, and video IF applications. 

High Current-Gain— Bandwidth Product — 
fj = 450 MHz (Min) @ l C = 4.0 m Adc 
Collector-Emitter Saturation Voltage - 
VcE = 1 -0 Vdc (Max) @ l C = 4.0 mAdc 
Low Collector-Base Capacitance — 

C cb = 1.3 pF (Max)@VcB= 10 Vdc 


NPN SILICON 
AMPLIFIER TRANSISTOR 



* MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

15 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

2.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Power Dissipation @ T^ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq ~ 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J» T stg 

-55 to +1 50 

°C 

^THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0jAd> 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

* Indicates JEDEC Registered Data. 




(1) R#ja is measured with the device soldered into a typical printed circuit board. 


SEATING 


7TT 


PLANE 


k-F 


•4fir 

-H r k- 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


Q 

1 

l 

12 3 ) 

s B 

\ 

-H s 

pTT 



MILLIMETERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5222 (continued) 


* ELECTRICAL CHARACTERISTICS (T A = 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0 mAdc, I B =0) 

bv ceo 

15 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 100 M Adc, I E = 0) 

bv cbo 

20 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 100 M Adc, I c = 0) 

bv ebo 

2.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc, I E = 0) 

*CBO 

- 

100 

nAdc 

Emitter Cutoff Current 
(V BE =2.0 Vdc, I c =0) 

J EBO 

- 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain(l) 

(I c = 4. 0 mAdc, V CE = 10 Vdc) 

h FE 

20 

1500 

" 

Collector-Emitter Saturation Voltage 
(I c = 4. 0 mAdc, I fi = 400 MAdc) 

V CE(sat) 

- 

1.0 

Vdc 

Base -Emitter Saturation Voltage 
(I„ = 4. 0 mAdc, I_. = 400 MAdc) 

t D 


- 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(I c = 4. 0 mAdc, V CE = 10 Vdc, f = 20 MHz) 

f T 

450 

- 

MHz 

Collector- Base Capacitance 
( V CB = 10 Vdc, Ig = 0, f = 1. 0 MHz) 

C cb 

- 



Small -Signal Current Gain 
(I c = 4. 0 mAdc, V CE = 10 Vdc, f = 1. 0 kHz) 

h fe 

20 

3000 

- 


* Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width « 300 /j.s, Duty Cycle « 2.0%. 
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yfb, FORWARD TRANSFER ADMITTANCE (mmhos) yjb |NPUT ADMITTANCE (mmhos) 



2N5222 (continued) 


COMMON-BASE y PARAMETERS versus FREQUENCY 

(Vcb = 10 Vdc, lc = 4.0 mAdc, Ta = 25°C) 


y jb , INPUT ADMITTANCE 


FIGURE 1 - RECTANGULAR FORM 
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f, FREQUENCY (MHz) 


FIGURE 2 - POLAR FORM 
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yfb, FORWARD TRANSFER ADMITTANCE 


FIGURE 3 - RECTANGULAR FORM 
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FIGURE 4 - POLAR FORM 
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2N5222 (continued) 


COMMON-BASE y PARAMETERS versus FREQUENCY 

(Vcb = 10 Vdc, lc = 4.0 mAdc, T A = 25°C) 


y rb , REVERSE TRANSFER ADMITTANCE 



FIGURE 6 - POLAR FORM 
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2n5223 (SILICON) 


NPN SILICON AMPLIFIER TRANSISTOR 

. . . designed for low-level, small-signal, general-purpose amplifier 
applications. 

• High Current-Gain— Bandwidth Product 

fj = 1 50 MHz (Min) @ l C = 1 0 mAdc - 

• Collector-Emitter Saturation Voltage - 

VcE(sat) = 0 7 Vdc (Max) @ lc = 10 mAdc 

• Collector-Base Capacitance - 

C cb = 4.0 pF (Max ) @ Vqb = 1 0 Vdc 


NPN SILICON 
AMPLIFIER TRANSISTOR 



* MAXI MUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

3.0 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 

Total Power Dissipation @ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ T q = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-55 to +1 50 

°C 

^THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

HEZEH 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

357 

IBEE3B 

Thermal Resistance, Junction to Case 

Rfljc 

125 

bbh 

•Indicates JEDEC Registered Data. 




(1) RfljA is measured with the device soldered into a typical printed circuit board. 


SEATING 

PLANE 


TIT 


~ A 1 


u 

d hii 


h-F 


STYLE 1: 

PIN 1. EMITTER 
2. BASE 


• Q 


tth 

"4 b 

u. 

pnr 



MILLIMETERS 

INCHES | 


MTCH 

MUESM 

beb 

bsehi 

A 


■SEW 



Q 

■E1ETM 



IilIM 

191 



BfljH 

wmm 

KSH 




■mrw 

m 

MflETif 


■ildr.M 

mi 


HI 


ma 

BBB 

m 

■K^l 

MEM 

ism 

Ifcite-a 

mm 

- 

mwnm 

- 

HEBEI 

mm 

MMSM 

- 


Bi HI 

EB 


- 


bob 

KB 


Mi 



B 


BSM 

EEEBB 

■illiEW 


CASE 29-02 
TO-92 
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2N5223 (continued) 


* ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

— 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0mAdc, I B =0) 

8V ceo 

20 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 pAdc, I £ = 0) 

bv cbo 

25 

- 

Vdc 

Emitter -Base Breakdown Voltage 
(I E = 100 pAdc, I c = 0) 

bv ebo 

3.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc, I E = 0) 

X CBO 

- 

100 

nAdc 

Emitter Cutoff Current 
(V BE =3.0 Vdc, I c =0) 

! ebo 

- 

500 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I„ = 2.0 mAdc, V^ = 10 Vdc) 

C CiJj 

h FE 

50 

800 

~ 

Collector-Emitter Saturation Voltage 
(I_ = 10 mAdc, I_ = 1.0 mAdc) 

L b 

V CE(sat) 

- 

0.7 

Vdc 

Base-Emitter Saturation Voltage 
(L, = 10 mAdc, 1= 1.0 mAdc) 

C D 

■w 

BE (sat) 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(I 0 = 10 mAdc, V^ = 10 Vdc, f = 20 MHz) 

L Lis 

f T 

150 

- 

MHz 

Collector -Base Capacitance 
(V CB = 10 Vdc, I E = 0, f = 1. 0 MHz) 

C cb 

- 

4.0 

pF 

Small -Signal Current Gain 

(L, = 2. 0 mAdc, V_„ = 10 Vdc, f = 1. 0 kHz) 
t Lb 

h fe 

50 

1600 

~ 


* Indicates JEDEC Registered Data 
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2n5224 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose, low-level switching applications. 

• Current Gain Specified at 10 mAdc and 100 mAdc 

• Complete Switching Specification 

• Low Collector-Base Capacitance — 

C c b = 4.0 pF (Max) @ Vqb = 5.0 Vdc 


NPN SILICON 
SWITCHING 
TRANSISTOR 



* MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

12 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

YjTstg 

-55 to +1 50 

°C 

^THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R^jaH) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

'Indicates JEDEC Registered Data. 




(1) RfljA is measured with the device soldered into a typical printed circuit board. 


PLANE 



— A- 


„ 1 


c 

/I N 

P T 



_ F ( 

1 



K 

( 

D 

iif- 1 1 



ru 

-L 


STYLE 1: 
PIN 1. 

2 . 

3 . 


EMITTER 

BASE 


■ Q 

_,_1 

TIT 

\JU 

s B 

Us 

LIT 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 


2-95 




2N5224 (continued) 


* ELECTRICAL CHARACTERISTICS (T a = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage D) 

(I c = 10 mAdc, Ig = 0) 

bv ceo 

12 

- 

Vdc 

Collector -Base Breakdown Voltage 
(I c = 100 pAdc, I E = 0) 

bv cbo 

25 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 ix Adc, I c = 0) 

bv ebo 

5.0 

- 

Vdc 

Collector Cutoff Current 
( V CB = 15 Vdc, l E = °) 

^BO 

- 

500 

nAdc 

Emitter Cutoff Current 
(V BE = 4.0Vdc, I c = 0) 

^BO 

- 

100 

jiAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 10 mAdc, V CE = 1.0 Vdc) 

h FE 

40 

400 

“ 

(I c = 100 mAdc, V CE = 1. 0 Vdc)(1) 


15 

- 


Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 3.0 mAdc) 

V CE(sat) 

- 

0.35 

Vdc 

Base-Emitter Saturation Voltage 
(I^ = 10 mAdc, Ig - 3. 0 mAdc) 

V BE(sat) 

- 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(I c = 10 mAdc, V CE = 10 Vdc, f = 100 MHz) 

i't 

250 

- 

MHz 

Collector- Base Capacitance 
(V CB = 5.0 Vdc, I E = 0, f = 1.0 MHz) 

C cb 

- 

4.0 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 3 0 Vdc, VgE(off) = 1-5 Vdc 

‘ d 

~ 

25 

ns 

Rise Time 

Ic = 10 mAdc, Igj = 3.0 mAdc) 

l r 


20 

ns 

Storage Time 

(V C c = 3.0 Vdc, 

‘s 

- 

35 

ns 

Fall Time 

Ic = 10 raA, Igj = Ig 2 — 3.0 mAdc) 

4 


25 

ns 


(l)Pulse Test: Pulse Width = 300 /us, Duty Cycle = 2.0%. 
* Indicates JED EC Registered Data. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


10.55V-#-—— 

ov ~f L7 

-1 .5 V — I * 


TURN-ON INPUT PULSE 


-9.1 V — I \ — 

TURN OFF INPUT PULSE 


GENERATOR SOURCE IMPEDANCE = 50 ohms 



INPUT PULSE: 

RISE TIME < 2.0 ns 
FALL TIME < 2.0 ns 
NOMINAL PULSEWIOTH = 300 ns 
NOMINAL DUTY CYCLE = 2.0% 


OSCILLOSCOPE 
RISE TIME < 0.4 ns 
INPUT RESISTANCE > 50 ohms 
INPUT CAPACITANCE < 4.0 pF 


For td and t r , diode is disconnected. 
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2n5225 (SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for general purpose amplifier applications and for 
complementary circuitry with types 2N5226. 


Collector-Emitter Breakdown Voltage — 
BVcEO = 25 Volts (Min) 

Current Gain Specified at 10 mA and 50 mA 
Collector-Base Capacitance — C c b = 20 pF (Max) 


NPN SILICON 
AMPLIFIER 
TRANSISTOR 



“MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

*C 

200 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T jTstg 

-55 to +1 50 

°C 

“THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

357 

°c/w 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 

* Indicates JEDEC Registered Data. 




( 1 ) R 0 j/\ *s measured with the device soldered into a typical printed circuit board. 




SEATING P 
PLANE 


Ml 


r h- 


STYLE 1 

PIN 1. EMITTER 


1 Q t 

_,_1 

n 2 3 ) 

l L _ 


2 

c 

; B 

1 

S 


1 f 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

_ 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5225 (continued) 


* ELECTRICAL CHARACTERISTICS (T a = 25 # C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Breakdown Voltage (1) 

(1^ = 10 mAdc, Ig = 0) 

bv ceo 

25 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100 MAdc, I E = 0) 

bv cbo 

25 


Vdc 

Emitter-Base Breakdown Voltage 
(I E = 100 M Adc, I c = 0) 

bv ebo 

4.0 


Vdc 

Collector Cutoff Current 
< V CB = 15Vdc ’ ‘E =0) 

J CBO 

- 

300 

nAdc 

Emitter Cutoff Current 
(V BE = 4 * 0 Vdc ’ l C = 0) 

J EBO 

- 

500 

nAdc 


ON CHARACTERISTICS (D 


DC Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc) 

(I c = 50 mAdc, V CE = 10 Vdc) 

h FE 

25 

30 

600 


Collector -Emitter Saturation Voltage 

(I = 100 mAdc, I = 10 mAdc) 

C B 

V CE(sat) 

- 

0. 8 

Vdc 

Base -Emitter Saturation Voltage 

(I_ = 100 mAdc, I_, = 10 mAdc) 

C B 

V BE(sat) 

- 

1.0 

1 

Vdc 


DYNAMIC CHARACTERISTICS 


Current -Gain- Bandwidth Product 
(I = 20 mAdc, V CE = 10 Vdc, f = 20 MHz) 

f T 

50 

- 

MHz 

Collector- Base Capacitance 
( V CB = 5 * 0 Vdc ’ l E = °’ f = 1# 0 MHz > 

C cb 

- 

20 

pF 

Small-Signal Current Gain 
(I 0 = 50 mAdc, V^ = 10 Vdc, f = 1. 0 kHz) 

h fe 

30 

1800 

- 


‘Indicates JEDEC Registered Data 


(1) Pulse Test: Pulse Width = 300 ns, Duty Cycle = 2. 0%. 
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2n5226 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for general purpose amplifier applications and for 
complementary circuitry with the 2N5225. 


Collector-Emitter Breakdown Voltage — 
BVcEO = 25 Volts (Min) @ Iq = 10 mAdc 
Current Gain Specified at 10 mA and 50 mA 
Collector-Base Capacitance — 

C cb = 20 pF (Max ) @ Vqb = 5-0 Vdc 


PNP SILICON 
AMPLIFIER 
TRANSISTOR 



* MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

V CB 

25 

Vdc 

Emitter-Base Voltage 

< 

CD 

4.0 

Vdc 

Collector Current — Continuous 

»c 

500 

mAdc 

Total Power Dissipation @ T^ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J- T stg 

-55 to +1 50 

°C 

"THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA<1> 

357 

°C/\N 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

indicates JEDEC Registered Data. 




(1) R$ja is measured with the device soldered into a typical printed circuit board. 


SEATING- 

PLANE 



— A- 


1 



/rrn 




p T 

i ’ 



u. 

1 

D 

itu 


STYLE 1 
PIN 1 
2 
3. 


EMITTER 

BASE 


- Q 


1 2 3 ’ 

o o © 

8 

R 

S 

P”T 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 1 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 ! 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5226 (continued) 


* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



•Indicates JEDEC Registered Data 


(i) Pulse Test: Pulse Width = 300 pis, Duty Cycle = 2.0%. 
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2n5227 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose amplifier applications. 

• Current Gain Specified at lOO^Adc and 2.0 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = Vdc (Max) @ Iq = 10 mAdc 

• Collector-Base Capacitance — 

C c b = 5.0 pF (Max) @ V C B = 10 Vdc 


PNP SILICON 
AMPLIFIER 
TRANSISTOR 



* MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

CO 

UJ 

> 

3.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 

Total Power Dissipation @ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj'Tstg 

-55 to +1 50 

°C 

^THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JAFO 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 

’Indicates JEDEC Registered Data. 




(1) R$j/\ is measured with the device soldered into a typical printed circuit board. 


N 

SEATING J P T~ 
PLANE i 


\~~j L 
R h- 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 C0LLECTC 


• Q 


. 1 

(A A A] 

\JU 

1 — > 
1 ! 


Us 




MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.5OO 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

~ 

0.250 

- 

Q 

3.430 


0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5227 (continued) 


* ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 



•Indicates JE DEC Registered Data 
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2n5228 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. designed for general purpose switching applications. 


• Current Gain Specified at 10 mA and 50 mA 

• Collector-Base Capacitance — 

C c b = 5.0 pF (Max) 


PNP SILICON 
SWITCHING 
TRANSISTOR 



* MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

5.0 

Vdc 

Collector-Base Voltage 

V CB 

5.0 

Vdc 

Collector-Emitter Voltage 

V CES 

6.0 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 

Total Power Dissipation @ T/^ = 25°C 

P D 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Tj.T st g 

-55 to +1 50 

°C 

Temperature Range 



^THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RajaH) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 

(1) R$ja ' s measured with the device soldered into a typical printed circuit board. 1 

indicates JEDEC Registered Data. 





J\ N 

SEATING - * 7 P T - 
PLANE J _ 




•3U 

-H R r 


STYLE 1. 

PIN 1 EMITTER 
2. BASE 


Q 

,_L 

£ 

^oj 

■4 b 

i 

s 

trr 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

nr 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5228 (continued) 


* ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (0 
(I^ = 10 mAdc, Ig = 0) 

bv ceo 

5.0 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(I c = 100 MAdc, V BE = 0) 

bv ces 

6.0 

- 

Vdc 

Collector- Base Breakdown Voltage 
(I c = 100 MAdc, I E = 0) 

bv cbo 

5.0 

- 

Vdc 

Emitter-Base Breakdown Voltage 
d E = 100 /aAdc, I c = 0) 

bv ebo 

3.0 

- 

Vdc 

Collector Cutoff Current 
( V CE = 4,0 Vdc> V BE = 

^ES 


100 

nAdc 

Emitter Cutoff Current 
(V BE = 2. 5 Vdc, I c = 0) 

^BO 

- 

100 

jitAdc 

ON CHARACTERISTICS 

DC Current Gain 
(I c = 10 mAdc, V CE = 0.3 Vdc) 

h FE 

30 

- 

' 

(I c = 50 mAdc, V CE = 1.0 Vdc)(D 


15 

- 


Collector-Emitter Saturation Voltage 
(I c = 10 mAdc, Ig = 3. 0 mAdc) 

V CE(sat) 

- 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(1^ = 10 mAdc, Ig = 3.0 mAdc) 

V BE(sat) 

0.65 

1.25 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain- Bandwidth Product 
d c = 10 mAdc, V CE = 5. 0 Vdc, f = 100 MHz) 

f T 

300 

- 

MHz 

Collector-Base Capacitance 
(V CB =5.0 Vdc, I E = 0, f = 1.0 MHz) 


- 

5.0 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V CC = 3.0 Vdc, VBE(off) = 1-5 Vdc 

4 d 

- 

25 

ns 

Rise Time 

IC = 10 mAdc, Ibi = 3.0 mAdc) 

l r 


50 

ns 

Storage Time 

(Vcc = 3.0 Vdc, 

IC = 10 mA, Ibi = lB2 = 3.0 mAdc) 

‘s 

> 

90 

ns 

Fall Time 

‘f 

- 

50 

ns 


(l)Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2.0%. 
* Indicates JEDEC Registered Data. 
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2n5229 (SILICON) 

2n5230 

2n5231 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for low-level, chopper applications requiring high speed 
operation. This series of devices offers excellent characteristics for 
use in servo-loop, sensing instrumentation and control amplifier for 
motor drive systems. These transistors can also be used as replace- 
ment devices for alloy-type transistors where high BV^bO > s required. 

• Low Offset Voltage -VeC( off) = 0 5 mVdc (Max)@ Ib = lOOjuAdc 

• Low Dynamic "ON” Series Resistance — 

r ec (ON) = 6.0 Ohms (Max) @ I g = 1.0 mAdc 

• Space Saving TO-46 Package 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5229 

2N5230 

2N5231 

Unit 

‘Collector-Emitter Voltage 

v CEO 

10 

20 

30 

Vdc 

‘Collector-Base Voltage 

VCB 

15 

30 

50 

Vdc 

‘Emitter-Base Voltage 

VEB 

15 

30 

50 

Vdc 

‘Collector Current - Continuous 

>c 

50 — 

mAdc 

Total Device Dissipation @T/\ = 25°C 
Derate above 25°C 

Pd 

— 0.5 — 

2.86 — 

Watt 

mW/°C 

‘Total Device Dissipation @Tc - 25°C 
Derate above 25°C 

Pd 

— 2.0 — 

— 12 

Watts 

mW/°C 

•Operating and Storage Junction 
Temperature Range 

T J- T stg 

— 65 to +200 

°C 


‘Indicates JEDEC Registered Data. 


PNP SILICON 
CHOPPER 
TRANSISTORS 



h— a~h 



STYLE 1: K 

PIN 1. EMITTER 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

1.65 

2.16 

0.065 

0.085 

D 

0.406 

0.533 

0.016 

0.021 

E 

- 

1.02 

- 

0.040 

F 

0.305 

0.483 

0.012 

0.019 

G 

2.54 B 

SC 

0.100 

JSC 

H 

0.914 

1.17 

0.036 

0.046 

“7 

0.711 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° BS 

;c 

45° BSC 

N 

1.27 BSC 

0.050 BSC 

P 

- | 1.27 

- | 0.050 


All JEDEC dimensions and notes apply 

CASE 26-03 
TO-46 
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2N5229, 2N5230, 2N5231 (continued) 


‘ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Emitter-Collector Breakdown Voltage 


bveco 



Vdc 

(l E = 10 juAdc, 1 B = 0) 

2N5229 


10 

- 



2N5230 


20 

- 



2N5231 


30 

- 


Collector-Base Breakdown Voltage 


bv C bo 



Vdc 

(l C = 10 MAdc, l E = 0) 

2N5229 


15 

- 



2N5230 


30 

- 



2N5231 


50 

- 


Emitter-Base Breakdown Voltage 


BV E BO 



Vdc 

(lE = 10 #iAdc, lc = 0) 

2N5229 


15 




2N5230 


30 




2N5231 


50 

- 


Collector Cutoff Current 


'CBO 



nAdc 

(V C B = 12Vdc f l E = 0) 

2N5229 


- 

1.0 


(V CB = 25 Vdc, l E = 0) 

2N5230 


- 

1.0 


(V C b = 40 Vdc, l E = 0) 

2N5231 


- 

1.0 


Emitter Cutoff Current 


*EBO 



nAdc 

(V EB = 12Vdc,l C = 0) 

2N5229 



1.0 


(V EB = 25 Vdc, l c = 0) 

2N5230 



1.0 


(V EB = 40 Vdc, l c = 0) 

2N5231 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 
(l C = 100 MAdc, V C e = 10 Vdc) 

(1 C = 200 MAdc, Vc E =0.5 Vdc) (Inverted Connection) 

h FE 

50 

15 

- 

— 

Offset Voltage 

v EC(off) 



mVdc 

(l B = 100 MAdc, l E = 0) 2N5229,2N5230 


- 

0.5 


2N5231 


- 

0.8 


(l B = I.OmAdc, l E = 0) 2N5229 


- 

0.8 


2N5230,2N5231 


- 

1.0 



DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
{V CB = 10 Vdc, l E = 0, f = 140 kHz) 

C c b 

- 

5.0 

PF 

Emitter-Base Capacitance 

Ceb 

- 

4.0 

pF 

(V EB = 10 Vdc, l c - 0, f = 140 kHz) 





Small-Signal Current Gain 

hfe 

2.0 

- 

- 

(l c = 1 .0 mAdc, V CE = 5.0 Vdc, f = 4.0 MHz) 





"ON" Series Resistance 

r ec (on) 



Ohms 

(l B =1.0 mAdc, l E =0, I c = 100mA RMS|,f = 1.0 kHz) 2N5229 


1.0 

6.0 


2N5230 


2.0 

8.0 


2N5231 


2.0 

10 



Indicates JE DEC Registered Data. 







hFE, DC CURRENT GAIN r ec(ON). EMITTER COLLECTOR "ON" RESISTANCE (OHMS) Vec. EMITTER-COLLECTOR VOLTAGE (mV) 


2N5229, 2N5230, 2N5231 (continued) 


TYPICAL CHARACTERISTICS 


FIGURE 1 - EMITTER-COLLECTOR VOLTAGE 
versus BASE CURRENT 


FIGURE 2 - EMITTER-COLLECTOR VOLTAGE 
versus JUNCTION TEMPERATURE 



-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 

IB, BASE CURRENT (mA) 



-75 -50 -25 0 25 50 75 100 125 150 175 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 3 - EMITTER-COLLECTOR “ON" RESISTANCE 
versus BASE CURRENT 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

IB, BASE CURRENT (mA) 


FIGURE 4 - EMITTER-COLLECTOR “ON" RESISTANCE 
TEMPERATURE COEFFICIENT versus BASE CURRENT 



IB, BASE CURRENT (mA) 


FIGURE 5 - CURRENT GAIN versus 
COLLECTOR CURRENT 


FIGURE 6 - CURRENT GAIN (Inverted Connection) 
versus EMITTER CURRENT 



0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 


1C, COLLECTOR CURRENT (mA) 



IE, EMITTER CURRENT (mA) 
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VCE(sat), COLLECTOR-EMITTER 

SATURATION VOLTAGE (VOLTS) ICBO. COLLECTOR CUTOFF CURRENT (nA) 


2N5229, 2N5230, 2N5231 (continued) 


FIGURE 7 - COLLECTOR CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 


FIGURE 8 - EMITTER CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 



0 20 40 60 80 100 120 140 160 180 200 

Tj, JUNCTION TEMPERATURE (°C) 



FIGURE 9 - COLLECTOR-EMITTER SATURATION 
VOLTAGE versus COLLECTOR CURRENT 
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FIGURE 10 - JUNCTION CAPACITANCE versus 
REVERSE BIAS VOLTAGE 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

REVERSE BIAS (VOLTS) 


2-108 




2n5241 (SILICON) 


HIGH VOLTAGE NPN SILICON TRANSISTOR 


. . . designed for use in high-voltage switching regulators, inverters, 
converters and line operated amplifiers. 


• High Collector-Emitter Voltage — 400 Volts 

• DC Current Gain — 

hFE= 10 (Min) @ lc = 3.5 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.7 Vdc (Max) @ l C = 2.5 Adc 

• Switching Times - @ Iq = 2.5 Adc 

t on = 0.8 jus (Max) 
toff = 1.7 jus (Max) 


5.0 AMPERE 
POWER TRANSISTOR 
NPN SILICON 

400 VOLTS 
125 WATTS 



"MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

400 

Vdc 

Collector-Base Voltage 

V CB 

400 

Vdc 

Emitter-Base Voltage 

V E B 

5.0 

Vdc 

Collector Current — Continuous 

'c 

5.0 

Adc 

Base Current 

>B 

2.0 

Adc 

Total Device Dissipation @Tq = 62. 5°C 

P D 

125 

Watts 

Derate above 62.5°C 


1.43 

W/°C 

Operating Junction Temperature Range 

Tj 

-65 to +150 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.7 

°C/W 

* Indicates JEDEC Registered Data 





pin 


L E 

SEATING' 

PLANE 

STYLE 1 : 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 
Q- 


N0TE: 

1. DIM "Q" IS OIA. 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

_ 

22.23 

- 

0.875 

C 

6.35 

11.43 

0.250 

0.450 

D 

0.97 

1.09 

0.038 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

~i n 

5.21 

5.72 

0.205 

0.225 


16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 
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2N5241 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

BVcEO(sus) 

325 

- 

Vdc 

(l C = 100 mAdc, l B = 0) 





Collector Cutoff Current 

'CEO 

- 

2.5 

mAdc 

(Vce = 4 00 Vdc, l B =0) 





Collector Cutoff Current 




mAdc 

(V C E = 400 Vdc, V EB ( off ) = 1 .5 Vdc) 


- 

0.5 


(V CE = 400 Vdc, V EB ( off ) = 1.5 Vdc, T C = 125°C) 


- 

5.0 


Emitter Cutoff Current 

•ebo 

- 

2.0 

mAdc 

(V BE = 5.0 Vdc, l C = 0) 





ON CHARACTERISTICS 

DC Current Gain 

h FE 



- 

(l C - 2.5 Adc, V C E =5-0 Vdc) 


15 

35 


(l c = 3.5 Adc, V CE = 5.0 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l c = 2.5 Adc, l B = 0.5 Adc) 


- 

0.7 


(1C = 5.0 Adc, l B = 1.0 Adc) 


~ 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




(1C = 2.5 Adc, l B = 0.5 Adc) 


- 



(lc - 5.0 Adc, l B = 1 .0 Adc) 


- 



DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product 


2.5 

_ 

MHz 

(l c = 0.2 Adc, V C E = 12 Vdc, f = 1.0 MHz) 






SWITCHING CHARACTERISTICS 


Turn-On Time 

(V C c= 125 Vdc, l c - 2.5 Adc, 1 B -| = 0.25 Adc) 

ton 

— 

0.8 

MS 

Turn-Off Time 

(Vce = 125 Vdc, lc = 2.5 Adc, 1 B i = 0.25 Adc, 1 B 2 = 0.5 Adc) 

toff 

~ 

1.7 

MS 

Pulse Energy Test 

(V C c = 200 Vdc, lc = 0.3 Adc, t p = 5.0 ms. Duty Cycle = 1 .0%) 

— 

300 

~ 

mJ 


FIGURE 1 - COLLECTOR-EMITTER SUSTAINING 
VOLTAGE TEST CIRCUIT AND WAVEFORM 


< 

E 


o 

o 

o 



0 100 200 300 400 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


50 mH 
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hFE, DC CURRENT GAIN | C . COLLECTOR CURRENT (AMP) 


2N5241 (continued) 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 



5.0 10 20 30 50 100 200 300 500 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc — ^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj(p|<) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj^) 150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 5 - SWITCHING CIRCUIT 


1C = 2.5 A 



Zs = 50 ft 
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2n5265 

thru (SILICON) 

2n5270 



P-Channel junction depletion mode (Type A) field- 
effect transistors designed for general-purpose amplifier 
applications. 


CASE 20(5) 

(TO-72) 



STYLE 5 

PIN 1. SOURCE 

2. GATE 1 

3. DRAIN 

4. CASE 


MAXIMUM RATINGS 


Rating 

Symbol 

| 

Unit 

Drain- Source Voltage 

V DS 

60 

Vdc 

Drain-Gate Voltage 

V DG 

60 

Vdc 

Reverse Gate-Source Voltage 

V GS(r) 

60 

Vdc 

Drain Current 

*D 

20 

mAdc 

Gate Current -forward 

^(f) 

10 

mAdc 

Total Device Dissipation @ T* = 25°C 

P D 


mW 

Derate above 25°C 

mEBrn 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Operating Junction Temperature Range 

T J 

-65 to +175 

°c 
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2N5265 thru 2N5270 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance 

(Vp. c = 15 Vdc, = 0, f = 1. 0 kHz) 2N5265 

DS GS 2N5266 

2N5267 

2N5268 

2N5269 

2N5270 

l y fsl 

900 

1000 

1500 

2000 

2200 

2500 

2700 

3000 

3500 

4000 

4500 

5000 

pmhos 

Forward Transconductance 

Re(y fs ) 



mhos 

(V nc = 15 Vdc, V nc = 0, f = 100 MHz) 2N5265 


800 

- 


Gb 2N5266 


900 

- 


2N5267 


1400 

- 


2N5268 


1700 

- 


2N5269 


1900 

- 


2N5270 


2100 

- 


Output Admittance 

l y os| 



Mmhos 

(V Dg = 15 Vdc, V GS = 0, f = 1. 0 kHz) 

- 

75 


Input Capacitance 

C. 



pF 

( V DS = 15 vdc > V G S = °> f = 1- 0 M Hz) 

iss 

- 

7. 0 


Reverse Transfer Capacitance 

C rs S 



pF 

(V Dg = 15 Vdc, V QS = 0, f = 1. 0 MHz) 


- 

2.0 


Common-Source Noise Figure 

NF 

1 


dB 

(V DS = 15 Vdc, Vgs = 0, 


- 

2. 5 


R G = 1. 0 M ohm, 1 = 100 Hz, BW * 1. 0 Hz) 

i 




Equivalent Short-Circuit Input Noise Voltage 

e 



nV/s/Hz 

(V DS = 15Vdc, V Gg = 0, 

n 

- 

11.5 


1 = 100 Hz, BW = 1.0 Hz) 






2-113 





ID. DRAIN CURRENT (mA) Id, DRAIN CURRENT (mA) Iq, DRAIN CURRENT (mA) 



FIGURE 3 



0 0.5 1.0 1.5 2.0 2.5 

VGS, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 5 



ID, DRAIN CURRENT (mA) ID, DRAIN CURRENT (mA) ID, DRAIN CURRENT (mA) 














0ID, TEMPERATURE COEFFICIENT (mA/°C) NF, NOISE FIGURE (dB) r oss , OUTPUT RESISTANCE (k OHMS) 


2N5265 thru 2N5270 (continued) 


TYPICAL CURVES 


FIGURE 13 - OUTPUT RESISTANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 


FIGURE 14 - CAPACITANCE versus 



0 10 20 30 40 


Iq, DRAIN CURRENT (mA) 


VDS, DRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 15 - NOISE FIGURE versus 



10 20 50 100 200 500 1000 2000 5000 10,000 

f, FREQUENCY (Hz) 


FIGURE 16 - NOISE FIGURE versus 



1 0 10 100 1000 
Rs, SOURCE RESISTANCE (k OHMS) 


FIGURE 17 - DRAIN CURRENT TEMPERATURE 



0 2.0 4.0 6.0 8.0 10 12 14 16 

Iq, DRAIN CURRENT (mA) 


FIGURE 18 - FORWARD TRANSADMITTANCE 



Iq, DRAIN CURRENT (mA) 
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2N5265 thru 2N5270 (continued) 


FIGURE 19 - EQUIVALENT LOW FREQUENCY 
CIRCUIT 


v GS(max) ~ ^GS(min) 
*D(max) — •D(min) 


1.9 Vdc -0.8 Vdc 
(1.25 mA -0.75 mA) 


= 2.2 k Ohms 



1 It 




C,ss 



Cis ? 

> r oss ■ 

! Co* ^ 

5 l, *- u r 


r 

r 

r 


*Co$p is Cgjs >n parallel with Series Combination of C|$s and C r ss 


Common Source 
y Parameters for Frequencies 
Below 30 MHz 

Vis = (to C tss 

Vos = l«*> Cosp* + 1/ross 

Yfs ' IVfjl 

Yrs = _ |oj C r ss 


v G = 


*D(max) v GS(min) “ *D(min) v GS(max) 
*D(max) - ' D(min) 


1.25 X 0.80- 0.75 X 1.9 
0.5 


- -0.9 Vdc 


BIAS NETWORK DESIGN 
FOR WORST CASE IpSS VARIANCE 

This Designers Data Sheet has been published to assist the circuit 
designer in optimizing his "worst case" design. The following ex- 
ample illustrates the use of the forward transfer characteristics 
curves (Pigures 1 thru 6) in the design of a typical bias network. 


Given: V DD = -30 Vdc, *D = TO ± 0.25 mAdc from -55°C 

to +125°C 


Procedure: The 2N5268 "worst case" bias conditions across the 
temperature range (from Figure 4) are reproduced in Figure A. 
The first step in the bias network design is to determine the value 
of the source resistance (R$) necessary to hold the ± 0.25 mAdc 
Iq bias tolerance. To solve Rs, plot lo(max) and ! D(min) on 
Figure A and calculate Rg, and Vq. 


In Figure B the maximum allowable value for R-j will be determined 
by loading due to gate reverse current. Gate reverse current varia- 
tions with temperature follow the pattern of all silicon devices, and, 
as a rule, we can assume that it will double with each 1 5°C tempera- 
ture rise. Therefore, we can assume a maximum reverse current of 
approximately 0.5 *iAdc at 125°C, based on the specified maximum 
2.0 M^dc reverse at 1 50°C. The variation in Vq bias versus tem- 
perature will not be too great if we chose a value for Ri which re- 
sults in a bias network current (l-j in Figure B) greater than 5 times 
the maximum reverse current. Assuming a value for Rj of 9.1 Meg- 
ohms, R2 can be solved from the equation: 


-30 R 2 

Vq = -0.9 Vdc « (Ignoring Iq) 

9.1 + R 2 

R 2 « 300 k Ohms 


Using the above values of Rj and R 2 , the variation in Vq can be 
computed for Iq = 0 to Iq = 0.5 MAdc. Vq will vary from 0.81 Vdc 
at Iq = 0.5 /xAdc to 0.96 Vdc @ Iq = 0. This variation will have a 
minimal effect on Iq, as can be seen from Figure A by plotting load 
lines with a slope equal to l/R$ from Vq = 0.81 Vdc and 0.96 Vdc 
respectively. 
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NPN SILICON ANNULAR AVALANCHE 
TRANSISTOR 

. . . designed for AVALANCHE mode operation for the generation 
of high-current pulses with nanosecond rise times. Ideal for applica- 
tions such as laser diodes, high-current pulse generators, vacuum 
tube driver and other applications requiring ultra high-speed, high- 
voltage or high-current pulses. 

• Rise Time - t r = 1 .0 ns (Max) 

• Delay Time - t^ = 5.0 ns (Max) 

• Output Pulse Amplitude — 

V 0 = 130 Vdc (Typ) @ R L = 50 Ohms 


NPN SILICON 
AVALANCHE 
SWITCHING 
TRANSISTOR 

t r < 1.0 ns 



STYLE 1: 

PIN 1. EMITTER —A — 

2. BASE f R p H~ B 

3. COLLECTOR L j 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current — Peak 

*c 

5.0 

Adc 

Total Device Dissipation @ T/^ = 25°C 

Pd 

600 

mW 

Derate above 25°C 


3.43 

mW/°C 

Operating and Storage Junction 

Th T stg 

-65 to +200 

°C 


Temperature Range 
*1 ndicates JEDEC Registered Data 


C 

p— h-G 


/ 

j— N 


L 


j' 

1 \ V 3/ 7 


MILLIMETERS INCHES 
DIM MIN I MAX MIN Vw 




All JEDEC dimensions and notesapply 




2IM5271 (continued) 


^ELECTRICAL CHARACTERISTICS <T A = 25°C unless 
Characteristic 




Collector-Emitter Breakdown Voltage 
Oc - 500 /uAdc, Rbe = 100 Ohms) 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, l c = 0) 

Collector Cutoff Current 
(Vce = 160 Vdc, R B E = 100 Ohms) 

Collector Holdoff Current! D 
(Rbe = 100 Ohms, T a = +55°C) 

Emitter Cutoff Current 
(V E b = 5.0 Vdc, l c = 0) 



9 














2n5301 (SILICON) 

2n5302 

2n5303 


HIGH-POWER NPN SILICON TRANSISTORS 


. . . for use in power amplifier and switching circuits applications. 


20 AND 30 AMPERE 
POWER TRANSISTORS 

NPN SILICON 


• High Collector-Emitter Sustaining Voltage — 

BVcEO(sus) = 80 Vdc (Min) @ Iq = 200 mAdc (2N5303) 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.75 Vdc (Max) @ l C = 10 Adc (2N5301, 2N5302) 
1.0 Vdc (Max) @ lc = 10 Adc (2N5303) 

• Excellent Safe Operating Area — 

200 Watt dc Power Rating to 30 Vdc (2N5303) 

• Complements to PNP 2N4398, 2N4399 and 2N5745 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N5301 

2N5302 

2N5303 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Collector Current — Continuous 

>C 

30 

30 

20 

Adc 

Base Current 

>B 

7.5 - 

Adc 

Total Device Dissipation @Tq= 25°C 
Derate above 25°C 

PD 

200 

1,14 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

65 to +200 - 

°c 


40-60-80 VOLTS 
200 WATTS 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

0.875 

°C/W 

Thermal Resistance, Case to Ambient 

d CA 

34 

°c/w 


‘indicates JEDEC Registered Data. 


FIGURE 1 - POWER TEMPERATURE DERATING CURVE 



0 20 40 60 80 100 120 140 160 180 200 

TEMPERATURE (°C) 



STYLE 1: 

PIN 1 BASE 
2. EMITTER 
CASE- COLLECTOR 


DIM 

MILLIIV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

- 

7.62 

- 

0.300 

D 

1.22 

1.32 

0.048 

0.052 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


CASE 12-01 
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2N5301, 2N5302, 2N5303 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25° unless otherwise noted) 

Characteristic | Symbol | Min | Max [ Unit | 


*OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Note 1) 

(l C = 200 mAdc, l B = 0) 

2N 5301 

2 N 5302 

2N5303 

v CEO(sus> 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C E = 40 Vdc, l B = 0) 

2N 5301 


- 

5.0 


(Vce = 60 Vdc, l B = 0) 

2N5302 


- 

5.0 


(V C E = 80 Vdc, l B = 0) 

2N5303 


- 

5.0 


Collector Cutoff Current 


*CEX 



mAdc 

(Vqe = 40 Vdc, V EB ( of f) = 1.5 Vdc) 

2N5301 


- 

1.0 


(Vq E = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5302 


- 

1.0 


(V C E = 80 Vdc. v EB(off) = 1.5 Vdc) 

2N5303 


- 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(Vce = 40 Vdc, VEB(off) = 1-5 Vdc, T C = 150°C) 

2N5301 


- 

10 


(Vce = 60 Vdc, V EB ( off ) = 1.5 Vdc, T c = 150°C) 

2N5302 


- 

10 


(V C E = 80 Vdc, V EB ( 0 ff) = 1 5 Vdc, T c = 150°C) 

2N5303 


- 

10 


Collector Cutoff Current 


'CBO 



mAdc 

(Vcb = 40 Vdc, l E = 0) 

2N 5301 


- 

1.0 


(V C b = 60 Vdc, l E = 0) 

2N5302 


- 

1.0 


(V C b = 80 Vdc, l E = 0) 

2N5303 



1.0 


Emitter Cutoff Current 


'EBO 

- 

5.0 

mAdc 

<V BE =5.0 Vdc, I C =0) 







ON CHARACTERISTICS 


DC Current Gain (Note 1) 


h FE 



- 

*() C =1.0 Adc, V CE = 2.0 Vdc) 

ALL TYPES 


40 



*(lc = 10 Adc, Vce = 2.0 Vdc) 

2N5303 


15 

60 


*(I C = 15 Adc, Vce = 2.0 Vdc) 

2N5301 ,2N5302 


15 

60 


(l c = 20 Adc, Vce = 4 0 Vdc > 

2N5303 


5.0 

- 


d c = 30 Adc, V C E =4,0 Vdc) 

2N5301 ,2N5302 


5.0 

- 


•Collector-Emitter Saturation Voltage (Note 1) 


v CE(sat) 



Vdc 

(l C = 10 Adc, l B = 1.0 Adc) 

2N5301 ,2N&302 


- 

0.75 


(»C = 10 Adc, l B = 1.0 Adc) 

2N5303 


- 

1.0 


(IC= 15 Adc, l B = 1.5 Adc) 

2N5303 


- 

1.5 


(1C = 20 Adc, l B = 2.0 Adc) 

2N5301 ,2N5302 


- 

2.0 


(1C = 20 Adc, l B = 4.0 Adc) 

2N5303 


- 

2.0 


(1C = 30 Adc, l B = 6.0 Adc) 

2N5301.2N5302 


- 

3.0 


'Base-Emitter Saturation Voltage (Note 1) 


VBE(sat) 



Vdc 

(IQ = 10 Adc, l B = 1.0 Adc) 

ALL TYPES 


- 

1.7 


(l C = 15 Adc, l B = 1.5 Adc) 

2N5301.2N5302 


- 

1 8 


(l C = 1 5 Adc, 1 B = 1.5 Adc) 

2N5303 


- 

2.0 


(1C = 20 Adc, l B = 2.0 Adc) 

2N5301 .2N5302 


- 

2.5 


Oc = 20 Adc, l B = 4.0 Adc) 

2N5303 


- 

2.5 


•Base-Emitter On Voltage (Note 1) 


v BE(on) 



Vdc 

(l C = 10 Adc, Vce = 2.0 Vdc) 

2N5303 


- 

1.5 


(l C = 15 Adc, V C E = 2.0 Vdc) 

2N5301 ,2N5302 


- 

1.7 


(l C = 20 Adc, V C £ = 4.0 Vdc) 

2N5303 


- 

2.5 


(lc = 30 Adc, Vce = 4 0 Vdc) 

2N5301.2N5302 


- 

3.0 



•DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(l c = 1.0 Adc, V C E = 10 Vdc, f = 1.0 MHz) 

It 

2.0 

- 

MHz 

Small-Signal Current Gain 

(l c = 1.0 Adc, V C E = 10 Vdc, f = 1.0 kHz) 

h fe 

40 

- 



•SWITCHING CHARACTERISTICS 


Rise Time 

(V C c = 30 Vdc, l c = 10 Adc, | B1 = i B2 = i.o Adc) 

*r 

- 

1.0 

MS 

Storage Time 

*s 

- 

2.0 

MS 

Fall Time 

tf 

- 

1.0 

MS 


•indicates JEDEC Registered Data. 

Note 1 : Pulse Test. Pulse Width S 300 ms. Duty Cycle £ 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 2 - TURN-ON TIME 


INPUT PULSE 
tr < 20 ns 
PW = 10 to 100 ms 
DUTY CYCLE = 2.0% 




FIGURE 3 - TURN-OFF TIME 
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2n5304 (SILICON) 


RADIATION-R ESISTANT 
NPN SILICON POWER TRANSISTOR 

. . . designed for high-speed switching and wide-band amplifier ap- 
plications in radiation environments. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 40 Vdc (Min) @ Iq = 100 mAdc 

• DC Current Gain — 

hpE= 30-120 @ lc= 2.0 Adc 
= 25 (Min) @ l c = 5.0 Adc 
= 12 (Min) @ I C = 10 Adc 

• Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-4 Vdc (Max) @ Iq= 2.0 Adc 
= 0.8 Vdc (Max) @ \q = 5.0 Adc 
= 1.2 Vdc (Max) @ l c = 10 Adc 

• Current-Gain — Bandwidth Product— 

fj * 100 MHz (Min) @\q = 0.5 Adc 

• Collector Cutoff Current, DC Current Gain and 

Collector-Emitter Saturation Voltage Limits 
Guaranteed After Exposure to 1 x 10^4 Fast 
Neutron/cm2. 


10 AMPERE 
POWER TRANSISTOR 
NPN SILICON 

40 VOLTS 
25 WATTS 



GUARANTEED RADIATION RESISTANCE CAPABILITIES 

After 1 x 1014 n / crn 2 Fast Neutron (E > 10 keV) Exposure (Fission Spectrum) 


Characteristic 

Symbol 

Min 

Max 

Unit 

DC Current Gain 

(l C = 2 0 Adc, Vce = 20 Vdc) 

hFE 

5.0 

_ 

- 

Collector Cutoff, Current 

(Vce = 45 Vdc, VgB(off) = 1 5 Vdc 

'CEX 

_ 

50 

"Adc 

Collector-Emitter Saturation Voltage 
(lC = 2 0 Adc, lg = 0 4 Adc) 

Vce (sat) 

- 

1.5 

Vdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Col lector -Base Voltage 

V C B 

50 

Vdc 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Emitter -Base Voltage 

VEB 

6.0 

Vdc 

Collector Current — Continuous 

'c 

10 

Adc 

Base Current 

>B 

2.0 

Adc 

Total Device Dissipation @Tc = 125°C 

Pd 

25 

Watts 

Derate above 125°C 


0 333 

W/°C 

Operating and Storage Junction Temperature 

T J- T stg 

-65 to +200 

°C 

Fast Neutron Radiation Level 

- 

IxlO 14 

n/cm^ 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

6 jc 

30 

°C/W 


•Indicates JEDEC Registered Data 




DIM 

MILLI1V 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

19.30 

20.07 

0.760 

0.790 

B 

16.94 

17.45 

0.667 

0.687 

C 

8.26 

11.68 

0.325 

0.460 

E 

2.29 

3.81 

0.090 

0.150 

F 

1.17 

~TW\ 

0.046 

0.077 

G 

8.64 

10.54 

0.340 

0.415 

H 

_ 

2.29 

- 

0.090 

J 

10.72 

11.56 

0.422 

0.455 

K 

16.26 

22.23 

0.640 

0.875 

L 

4.32 

5.41 

0.170 

0.213 

N 

- 

6.86 

- 

0.270 

P 

5.59 

6.32 

0.220 

0.249 

Q 

1.19 

1.83 

0.047 

0.072 

R 

14.48 

15.49 

0.570 

0.610 

S 

5.651 

5.761 

0.2225 

0.2268 

T 

15.49 

17.45 

0.610 

0.687 


Collector connected to case 
All JEDEC dimensions and notes apply 
CASE 9 
TO-61 
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2N5304 (continued) 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min j Max ( Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = 100 mAdc, l B = 0) 

VcEO(sus) 

40 


Vdc 

Collector Cutoff Current 

>CEO 



MAdc 

(V C E = 25 Vdc, l B = 0) 


- 

200 


Collector Cutoff Current 

>CEX 




(V CE = 50 Vdc, V EB ( off ) = 1.5 Vdc) 


- 

10 

MAdc 

(V C E = 25 Vdc, V EB(of f) = 1.5 Vdc T c = 150°C) 


" 

5.0 

mAdc 

Collector Cutoff Current 

*CBO 



MAdc 

(Vqb = 50 Vdc, l E = 0) 


- 

10 


Emitter Cutoff Current 

'ebo 



MAdc 

(V BE = 3.0 Vdc, l C = 0) 


- 

25 



ON CHARACTERISTICS (D 


DC Current Gain 

(l C = 2.0 Adc, V CE - 2.0 Vdc) 

( lc = 5.0 Adc, V CE = 2.0 Vdc) 

(l c = 10 Adc, V CE = 2.0 Vdc) 

h FE 

30 

25 

12 

120 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l c = 2.0 Adc, l B = 200 mAdc) 


- 

0.4 


(l c = 5.0 Adc, l B = 500 mAdc) 


- 

0.8 


(l c = 10 Adc, l B = 1.0 Adc) 


_ 

1.2 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 2.0 Adc, l B =200 mAdc) 


- 

1.2 


(l c = 10 Adc, l B = 1.0 Adc) 


- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(IQ* 0.5 Adc, V CE = 10 Vdc, f test = 10 MHz) 

h 

100 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0,f = 0.1 MHz) 

c ob 

_ 

300 

pF 


SWITCHING CHARACTERISTICS 


Rise Time 

(V CC ^20 Vdc, l C = 2.0 Adc, I B1 = 200 mAdc) 

t r 


100 

ns 

Storage Time 

( Vqc ^ 20 Vdc, Iq = 2.0 Adc, l B i = 200 mAdc, l B 2 = 100 mAdc) 

l s 


700 

ns 

Fall Time 

(V cc ~ 20 Vdc, l c = 2.0 Adc, I B1 = 200 mAdc, l B2 = 100 mAdc) 

tf 

_ 

100 

ns 


* Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width = 300 ms, Duty Cycles»2.0%. 


FIGURE 2 - SWITCHING TIME TEST 

CIRCUIT FIGURE 3 - SWITCHING TIMES 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 



1C, COLLECTOR CURRENT (AMP) 
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2N5304 (continued) 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 

t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate I q — Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


Vr, REVERSE VOLTAGE (VOLTS) 



-0.2 -0.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 


V B E, BASE -EMITTER VOLTAGE (VOLTS) 

The data of Figure 5 is based on Tj(p|<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj( p |<) < C200°C. Tj(p|<) 
may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. (See AN-415). 


FIGURE 8 - BASE CUTOFF REGION 
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2n5324 (GERMANIUM) 

2n5325 


PNP GERMANIUM POWER TRANSISTORS 

. . . designed primarily for switching, inverter, and industrial power 
supply applications. 

• Low Collector Cutoff Current - 

ICEX = 7.0 mAdc (Max) @ VcEX = 250 Vdc (2N5324) 

7.0 mAdc (Max) @ V C EX = 325 Vdc (2N5325) 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0 5 Vdc (Max) @ Iq = 10 Adc 

• Low Base-Emitter Saturation Voltage — 

VBE(sat) = 0-75 Vdc (Max) @ l C = 10 Adc 

• Guaranteed Excellent Safe Operating Area (VcER(sus)) 

Specified at 3.0 Amps and 10 Amps 

• 100% Stabilization Bake at 125°C for 100 Hours 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N5324 

2N5325 

Unit 

Collector-Emitter Voltage 

v CEO 

150 

200 

Vdc 

Collector-Base Voltage 

V CB 

250 

325 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current - Continuous 

>C 

10 

Adc 

Base Current - Continuous 

•b 

3.0 

Adc 

Total Device Dissipation @ Tc = 25°C 

Pd 

56 

Watts 

Derate above 25°C 


0.67 

W/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +110 

°C 

Temperature Range 





* Indicates JE DEC Registered Data. 
THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.5 

°C/W 



Tc, CASE TEMPERATURE (°C) 


10 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

EPITAXIAL BASE 

250-325 VOLTS 
56 WATTS 



c 



PLANE 





PIN 1. BASE 


2. EMITTER CASE: COLLECTOR 



MILLIME 

TERS 

INCHES I 

DIM 

MIN 

MAX 

MIN 

MAX 

B 

— 

22.23 

- 

0.875 

C 

6.35 

11.43 

0.250 

0.450 

D 

0.97 

1.09 

0.038 

0.043 

E 

_ 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

7.92 

— 

0.312 

- 

Q 

3.84 

4.09 

0.151 

0.161 

S 

_ 

13.34 

— 

0.525 

T 

- 

4.78 

- 

0.188 


All JEDEC dimensions and notes apply 


CASE 1-03 
(TO-3) 
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2N5324, 2N5325 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

t Collector-Emitter Breakdown Voltage 


bvceo 



Vdc 

(l C = 0.1 Adc, l B = 0) 

2N5324 


150 

- 



2N5325 


200 

- 


Collector-Emitter Sustaining Voltage 


v CER(sus) 


— 

Vdc 

(IC= 3.0 Adc, R BE = 10 Ohms) (Figure 4, Test Condition 1) 

2N5324 


165 

- 



2N5325 


200 

- 


0c = 10 Adc, R BE = 10 Ohms) (Figure 4, Test Condition 2) 

2N5324 


100 

- 



2N5325 


115 

- 


Collector Cutoff Current (See Note 1) 


•CEV 



mAdc 

(VCE = 250 Vdc, V BE (off) = 0.2 Vdc) 

2N5324 


- 

7.0 


(V C e = 250 Vdc, V BE (off) = 0.2 Vdc, T C = 85°C) 



- 

35 


(V C £ = 325 Vdc, V BE (off) = 0.2 Vdc) 

2N5325 


- 

7.0 


(V CE = 325 Vdc, V BE (off) = 0.2 Vdc, T C = 85°C) 



- 

35 


‘Emitter Cutoff Current 


*EB0 



mAdc 

(V BE = 4.0 Vdc, l C = 0) 



- 

100 



ON CHARACTERISTICS 


*DC Current Gain 

(l C = 5.0 Adc, V C E = 2-0 Vdc) 

— 

bFE 

20 

60 

- 

‘Collector-Emitter Saturation Voltage 
(l C = 10 Adc, l B = 1.0 Adc) 

v CE(sat) 

- 

0.5 

Vdc 

‘Base-Emitter Saturation Voltage 
(l C = 10 Adc, l B = 1.0 Adc) 

v BE(sat) 

- 

0.75 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

fT 




MHz 

<I C = 0.5 Adc, V CE = 5.0 Vdc, f = 0.5 MHz) 


2.0 

i 


~ 



SWITCHING CHARACTERISTICS 


‘Rise Time 


tr 

- 

15 

MS 

‘Storage Time 

(IC = 5.0Adc, l B i = l B 2 = 0.5 Adc) (See Figure 6) 

t s 

- 

10 

MS 

‘Fall Time 


tf 

- 

7.0 

MS 


Note 1 . Pulse T est: Pulse Width <1 300 ns, Duty Cycle < 2.0%. 


* Indicates JE DEC Registered Data. 
tJEDEC Registration Defined as V(qr)CEO 


FIGURE 2 - TRANSIENT THERMAL RESPONSE 
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Ic. COLLECTOR CURRENT (AMP) 


2N5324, 2N5325 (continued) 


FIGURE 3 - COLLECTOR-EMITTER 
SUSTAINING VOLTAGE 


FIGURE 4 - COLLECTOR-EMITTER 
SUSTAINING VOLTAGE TEST CIRCUIT 




TO BYPASS E2 POWER SUPPLY NOT NEEDED 
FOR POWER SUPPLY WITH LOW REVERSE 
IMPEOANCE 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



FIGURE 7 - SWITCHING TIMES 



FIGURE 6 - SWITCHING TIME TEST CIRCUIT 



FIGURE 8 - CURRENT GAIN BANDWITH PRODUCT 

Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 4.0 5.0 

IC, COLLECTOR CURRENT (AMP) 
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Ic, COLLECTOR CURRENT (mA) Reb, EXTERNAL EMITTER BASE RESISTANCE (OHMS) ^ hFE. DC CURRENT GAJN 











2n5336 (SILICON) 


thru 



Medium-power NPN silicon transistors designed for 
switching and wide band amplifier applications. 


CASE 79 

(TO-39) 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

mu 

H 

Unit 

Collector-Emitter Voltage 

v 

CEO 

80 

100 

Vdc 

Collector- Base Voltage 

V CB 

80 

100 

Vdc 

Emitter -Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

*C 

5. 

0 


Adc 

Base Current 

J B 

1 . 

0 


Adc 

Total Device Dissipation @ T^, = 25°C 

P D 

6. 

0 


Watts 

Derate above 25°C 


34.3 


mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e JC 

29.2 

°c/w 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



0 20 40 60 80 100 120 140 160 180 200 

Tc, CASE TEMPERATURE (°C) 


Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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2N5336 thru 2N5339 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25 °C unless otherwise noted) 

1 Characteristic i 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


- 

BV CEO(sus) 



Vdc 

OU = 50 mAdc, I n = 0) 

2N5336, 2N5337 


80 

- 


C B 

2N5338, 2N5339 



100 

- 


Collector Cutoff Current 


- 




pAdc 

(V CE = 75 Vdc, r B - 0) 

2N5336, 2N5337 




100 


(V CE = 90 Vdc, I B = 0) 

2N5338, 2N5339 



" 

100 


Collector Cutoff Current 


12 




pAdc 

(V CE =75Vdc, V EB(off) =1.5 Vdc) 

2N5336, 2N5337 



“ 

10 


(V CE =90Vdc, V EB(o£f) = 1.5Vdc) 

2N5338, 2N5339 



- 

10 


(V CE =75Vdc, V EB(off) = 1.5 Vdc, T c = 

150°C) 2N5336, 2N5337 



- 

1.0 

mAdc 

(V CE =9°Vd C , V EB(o „ r 1.5Vdc, T c = 

150° C) 2N5338, 2N5339 



“ 

1.0 


Collector Cutoff Current 



I 



pAdc 

(V CB = 80 Vdc, I E = 0) 

2N5336, 2N5337 



- 

10 


(V CB = 100 Vdc, I E = 0) 

2N5338, 2N5339 



- 

10 


Emitter Cutoff Current 


_ 




/iAdc 

(V BE = 6. 0 Vdc, I c = 0) 



EjnyJ 

” 

100 



ON CHARACTERISTICS 


DC Current Gain W 

(I„ = 500 mAdc, V rT? =2.0 Vdc) 2N5336, 2N5338 

^ 2N5337, 2N5339 

(I =2.0 Adc, V rF = 2.0 Vdc) 2N5336, 2N5338 

C ^ 2N5337, 2N5339 

(I„ = 5.0 Adc, V =2.0 Vdc) 2N5336, 2N5338 

C 2N5337, 2N5339 

8 

h FE 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage H) 

(I c = 2.0 Adc, I fi = 0.2 Adc) 

(I c =5.0 Adc, I B =0. 5 Adc) 

9,11,13 

V CE(sat) 

- 

0.7 

1.2 

Vdc 

Base-Emitter Saturation Voltage HI 
(I c = 2.0 Adc, I B = 0.2 Adc) 

(I„ =5.0 Adc, I„ = 0. 5 Adc) 

L D 

11, 13 

V BE(sat) 

- 

1.2 

1.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I„ = 0. 5 Adc, V~_, = 10 Vdc, f = 10 MHz) 

L tL 

- 

f T 

30 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

7 

C ob 

- 

250 

pF 

Input Capacitance 

(VgE = 2 - 0 Vdc, I c = 0, f = 100 kHz) 

7 

! 

c ib 

- 

1,000 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

<V cc =40Vde, V EB(of£) =3.0Vdc, 

2,3 

l d 

" 

100 

ns 

Rise Time 

I c = 2.0 Adc, I 01 = 0.2 Adc) 


‘r 


100 

ns 

Storage Time 

(V cc = 40 Vdc, I c = 2. 0 Adc, 

2,6 



2.0 

MS 

Fall Time 

Adc > 


‘i 

> 

200 

ns 


HI Pulse Test: Pulse Width < 300 ps, Duty Cycle s 2. 0%. 
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2N5336 thru 2N5339 (continued) 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN ON TIME 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


-11.6 V Vcc 



lc, COLLECTOR CURRENT (AMPS) 

FIGURE 4 - THERMAL RESPONSE 



t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 




0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C, COLLECTOR CURRENT (AMPS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc — VcE limits of the transistor 
that must be observed for reliable operation; 
i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 
200°C; Tq is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% pro- 
videdTj(p| < ) < 200°C. Tj(p( < ) may be calculated 
from the data in Figure 4. At high case tem- 
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break- 
down. 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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2n5344 (SILICON) 
2n5345 



CASE 80 

{ 10 - 66 ) 


Collector connected to case 


High voltage power PNP silicon transistors designed 
for high-voltage switching and amplifier applications. 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5344 

2N5345 

Unit 

Collector-Emitter Voltage 

v 

CEO 

250 

300 

Vdc 

Collector-Base Voltage 

V CB 

250 

300 

Vdc 

Emitter-Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current — Continuous 


1 . 

0 

Adc 

Base Current — Continuous 

*B 

0. 5 

Adc 

Total Device Dissipation = 25° C 

P D 

40 

- 

Watts 

Derate above 25° C 


228 

mW/° C 

Operating and Storage Junction 
Temperature Range 

T J J T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

6 JC 

4.38 

°c/w 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



0 20 40 60 80 100 120 140 160 180 200 


TC, CASE TEMPERATURE (°C) 


Safe Area Curves Are Indicated By Figure 5. All Limits Are Applicable And Must Be Observed 
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2N5344, 2N5345 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


Characteristic 

Fig. No. 

— 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


5 

V CEO(sus) 



Vdc 

(I c = 10 mAdc, I 0 = 0) 

2N5344 


250 

- 


2N5345 



300 

- 


Collector Cutoff Current 


10, 12 

*CEX 



/iAdc 

(V CE = 225 Vdc, V BE(off) = 1.5 Vdc) 

2N5344 


- 

100 


(V CE = 270 Vdc, V BE(of£) = 1.5Vdc) 

2N5345 




100 


<V CE = 225 vdc , V BE(oIf) = 1.5Vdc ( T c 

= 150°C) 

2N5344 



_ 

1.0 

mAdc 

(V CE = 270 vdc > V BE(oJf) =1.5Vdc, T c 

= 150°C) 

2N5345 



- 

1.0 


Collector Cutoff Current 


- 

X CBO 



mAdc 

(V CB = Rated V CB , I E = 0) 



~ 

0. 1 


Emitter Cutoff Current 


- 

J EBO 



mAdc 

(V BE = 5 * 0 Vdc ’ *C = 0) 



- 

0. 1 



ON CHARACTERISTICS 


DC Current Gain (11 
(I c = 500 mAdc, V CE = 5. 0 Vdc) 

(I c = 1.0 Adc, V CE =5.0 Vdc) 

8 

h FE 

25 

7.0 

100 


Collector-Emitter Saturation Voltage 
(I c = 1.0 Adc, I fi = 0. 2 Adc) 

9, 11, 13 

V CE(sat) 

- 

3.0 

Vdc 

Base -Emitter Saturation Voltage 
(I c = 1.0 Adc, I B = 0. 2 Adc) 

11, 13 

V BE(sat) 

- 

1. 5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(U = 100 mAdc, V^^ = 20 Vdc, f = 10 MHz) 

C CJcj 

- 

f T 

60 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0) 

7 

C ob 

- 

200 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V cc =100Vde, V BE(off) = 0.85 Vdc, 

2,3 

l d 

- 

100 

ns 

Rise Time 

1^ = 500 mAdc, Igj = 50 mAdc) 

2,3 


- 

100 

ns 

Storage Time 

(V cc = 100 Vdc, I c = 500 mAdc, 

2,6 


- 

600 

ns 

Fall Time 

‘bI ' 'b 2 = 50 mAdc) 

2,6 

‘i 

- 

100 

ns 


HI Pulse Test: Pulse Width « 300 /is, Duty Cycle « 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT FIGURE 3 - TURN-ON TIME 
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2N5344, 2N5345 (continued) 


FIGURE 4 - THERMAL RESPONSE 
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0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. 

Safe operating area curves indicate lc~^CE limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on T j(pk) = 200°C; Tq is var- 
iable depending on conditions. Pulse curves are valid for duty 
cycles of 10% provided Tj( p k) ^ 200°C. Tj(p^) may be calcu- 
lated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by secondary breakdown. 

20 30 40 50 70 100 200 300 400 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME FIGURE 7 - CAPACITANCES 




0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

1C, COLLECTOR CURRENT (AMP) V R , REVERSE VOLTAGE (VOLTS) 
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Ic, COLLECTOR CURRENT (AMPS) RfiE, EXTERNAL BASE-EMITTER RESISTANCE (OHMS) ^ hFE, DC CURRENT GAIN 


2N5344, 2N5345 (continued) 


TYPICAL DC CHARACTERISTICS 



1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mA) 


FIGURE 9 - COLLECTOR SATURATION REGION 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

IB, BASE CURRENT (mA) 


10 - EFFECTS OF BASE-EMITTER RESISTANCE 



0 20 40 60 80 100 120 140 160 180 200 


Tj, JUNCTION TEMPERATURE (°C) 



1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mA) 



0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 


VbE, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - TEMPERATURE COEFFICIENTS 



1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


IC, COLLECTOR CURRENT (mA) 
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2N 5346 (SILICON) 

thru 

2n5349 


MEDIUM-POWER NPN SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — VcE(sat) = 1.2 Vdc 

(Max) @ lc = 7.0 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Isolated Collector Configuration 


* 

MAXIMUM RATINGS 






Rating 

Symbol 

2N5346 

2N5347 

2N5348 

2N5349 

Unit 



Collector-Emitter Voltage 

V CEO 

80 

100 

Vdc 



Collector -Base Voltage 

V CB 

80 

100 

Vdc 



Emitter-Base Voltage 

V EB 

6. 

0 

Vdc 



Collector Current — Continuous 

! c 

7. 

0 

Adc 



Base Current 

I B 

1.0 

Adc 



Total Device Dissipation® T c = 25°C 

P D 

60 

Watts 



Derate above 25°C 


343 

mW/°C 



Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 





Characteristic 

Symbol 

Max 

Unit 



Thermal Resistance, Junction to Case 

6 JC 

2. 

91 

°c/w 






! 


* I indicates JEDEC Registered Data 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



7 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

80-100 VOLTS 
60 WATTS 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

10 77 

11.10 

0.424 

0.437 

0 

8 13 

11 89 

0.320 

0.468 

E 

2.29 

3.81 

0.090 

0.150 

G 

4.70 

5 46 

0.185 

0215 

H 

- 

1.98 

- 

0 078 

J 

10.16 

11.56 

0.400 

0.455 

K 

14.48 

19.38 

0.570 

0 763 

L 

2.29 

2.79 

0.090 

0.110 

N 

- 

6.35 1 

- 

0.250 

P 

4.14 

4.80 

0.163 

0.189 

Q 

1.02 

1.65 

0.040 

0.065 

R 

8.08 

9 65 

0.318 

0.380 

S 

4.212 

4.310 

0.1658 

0.1697 

T 

9.65 

11 10 

0.380 

0.437 


All JEDEC dimensions and notes apply 
Collector isolated from case. 


CASE 160-03 
TO-59 

ISOLATED COLLECTOR 
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2N5346 thru 2N5349 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°c unless otherwise noted) 

| Characteristic 1 Fig. No. ] Symbol | Min j Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(I c = 50 mAdc, I fi = 0) 

2N5346, 

2N5348, 

2N5347 

2N5349 


V CEO(sus) 

80 

100 

: 

Vdc 

Collector Cutoff Current 
(V CE = 75 Vdc, I B = 0) 

2N5346, 

2N5347 




100 

fiAdc 

(V CE = 90 Vdc, I B = 0) 

2N5348, 

2N5349 


Z CEO 

- 

100 


Collector Cutoff Current 
(V CE = 75Vdc, V EB(oH) .1.5Vdc) 

2N5346, 

2N5347 

12 

*CEX 

_ 

10 

/iAdc 

(V CE = 90V<lc, V EB(of() -1.5Vdc) 

2N5348, 

2N5349 



- 

10 


(V CE - 75 Vdc, V EB(0(f) .1.5 Vdc, T c . 150-C) 

2N5346, 

2N5347 



- 

1.0 

mAdc 

(V CE . 90 Vdc, V EB(oIf) . 1. 5 Vdc, T c - 150°C) 

2N5348, 

2N5349 



- 

1.0 


Collector Cutoff Current 
(V CB = Rated V CB , ^ - 0) 

- 

r CBO 

- 

10 

MAdc 

Emitter Cutoff Current 
(V EB = 6- 0 Vdc, I c = 0) 


J EBO 

- 

100 

MAdc 


ON CHARACTERISTICS (1» 


DC Current Gain 

(I„ = 500 mAdc, V™ =2.0 Vdc) 2N5346, 2N5348 

^ 2N5347, 2N5349 

(I =2.0 Adc, V CE = 2.0 Vdc) 2N5346, 2N5348 

2N5347, 2N5349 

(I c =5-0 Adc, V CE = 2.0 Vdc) 2N5346, 2N5348 

2N5347, 2N5349 

8 

h FE 

30 

60 

30 

60 

20 

40 

■ 

120 

240 


Collector-Emitter Saturation Voltage 
(I c = 2.0 Adc, I fi = 0.2 Adc) 

(I c = 7.0 Adc, I B = 0. 7 Adc) 

9,11,13 

V CE(sat) 

- 

0.7 

1.2 

Vdc 

Base -Emitter Saturation Voltage 
(I c = 2.0 Adc, I B = 0.2 Adc) 

(I c = 7. 0 Adc, I B = 0.7 Adc) 

11, 13 

V BE(sat) 

- 

1.2 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 500 mAdc, V CE = 10 Vdc, f = 10 MHz) 

- 

‘t 

30 

. 

MHz 

Output Capacitance 
( V CB = 10 Vdc, I E = 0, f = 100 kHz) 

7 

C ob 

- 

250 

. 

PF 

Input Capacitance 

(V BE =2.0 Vdc, I c = 0, f = 100 kHz) 

7 

C ib 


1, 000 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V cc = 40 vd =, V EB(o(f) »3.0Vdc, 

I c = 2. 0 Adc, I B1 = 200 mAdc) 

2,3 

‘d 

- 

100 

ns 

Rise Time 

t 

r 

- 

100 

ns 

Storage Time 

(V cc = 40 Vdc, I c = 2. 0 Adc, 
l Bl = *B2 = 200 mAdc > 

2,6 

t 

- 

2.0 

MS 

Fall Time 


- 

200 

ns 


♦Indicates JEDEC Registered Data. 

(l)Pulse Test: Pulse Width » 300 ms, Duty Cycle = 2.0%. 



2-141 


2N5346 thru 2N5349 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 

There are two limitations on the power han- 
dling ability of a transistor: junction tempera- 
ture and secondary breakdown. Safe operating 
area curves indicate Iq — Vqe limits of the 
transistor that must be observed for reliable 
operation; i.e., the transistor must not be sub- 
jected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on Tj( p |<) = 
200 C; Tq is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% 
provided Tj( p | < )<200 o C. Tj( p |<) may be calcu- 
lated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce 
the power that can be handled to values less 
than the limitations imposed by secondary 
breakdown. 



FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE versus VOLTAGE 



1C, COLLECTOR CURRENT (AMPS) Vr, REVERSE VOLTAGE (VOLTS) 
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RBE, external base-emitter 

lc. COLLECTOR CURRENT (AMPS) RESISTANCE (OHMS) hpE, DC CURRENT GAIN 



0 O.Z 0.4 0.6 0.8 1.0 

VBE, BASE-EMITTER VOLTAGE (VOLTS) 


0.01 0.0Z 0.03 0.05 0.1 O.Z 0.3 0.5 1.0 Z.O 3.0 5.0 

In, COLLECTOR CURRENT (AMPS) 






2n5358 (SILICON) 

thru 


2n5364 


Silicon N-channel junction field-effect transistors de- 
pletion mode (Type A) devices designed primarily for 
general-purpose amplifier applications. 



STYLE 3 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 

4. CASE LEAD 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Forward Gate Current 

*0(0 

10 

mAdc 

Reverse Gate-Source Voltage 

V GS(r) 

40 

Vdc 

Drain-Gate Voltage 

v 

DG 

40 

Vdc 

Total Device Dissipation @T. = 25° C 

P D 

300 

mW 

Derate above 25° C " 

u 

2.0 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Operating Junction Temperature Range 

... t j 

-65 to +175 

°c 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 
(I Q = 10 jLiAdc, V Dg = 0) 

V (BR)GSS 

40 


Vdc 

Gate-Source Cutoff Voltage 

(V™ = 15 Vdc, L. = 100 nAdc) 2N5358 

DS D 2N5359 

2N5360 

2N5361 

2N5362 

2N5363 

2N5364 

V GS(off) 

0.5 
0.8 
0.8 
1.0 
2.0 
2.5 
2.5 j 

3.0 

4.0 

4.0 

6.0 

7.0 

8.0 
8.0 

Vdc 

Gate Reverse Current 
(V GS = 2° Vdc, V DS = °) 

< V GS = 20 VdC > V DS = °’ T A =1W ' C) 

J GSS 

_ 

0 . 1 

0 . 1 

nAdc 

juAdc 
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2N5358 thru 2N5364 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current 


*DSS 



mAdc 

(V^ 0 = 15 Vdc, V„ c = 0) 

2N5358 


0.5 

1.0 


v DS ’ GS 

2N5359 


0.8 

1.6 



2N5360 


1. 5 

3.0 



2N5361 


2. 5 

5.0 



2N5362 


4.0 

8.0 



2N5363 


7.0 

14 



2N5364 


9.0 

18 


Gate -Source Voltage 


V 

GS 



Vdc 

(V Dg = 15 Vdc, Iq = 50 /iAdc) 

2N5358 


0.3 

1.5 


(V Dg = 15 Vdc, I D = 80 /iAdc) 

2N5359 


0.4 

2.0 


( V Ds = 15 Vdc » * D = 150 ^ Adc) 

2N5360 


0.5 

2.5 


(V Dg = 15 Vdc, I D = 250 /iAdc) 

2N5361 


1.0 

5.0 


(V Dg = 15 Vdc, I D = 400 /iAdc) 

2N5362 


1.3 

5.0 


( V Ds = 15 Vdc, I D = 700 /iAdc) 

2N5363 


2.0 

6.0 


(V DS = 15 Vdc, I D = 900 /iAdc) 

2N5364 


2.0 

6.0 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance 

(V^ 0 = 15 Vdc, V_ G =0, f = 1. 0 kHz) 2N5358 

Db Ub 2N5359 

2N5360 

2N5361 

2N5362 

2N5363 

2N5364 

l y fsl 

1000 

1200 

1400 

1500 

2000 

2500 

2700 

3000 

3600 

4200 

4500 

5500 

6000 

6500 

/imhos 

Forward Transconductance 

(V™ = 15 Vdc, V rQ = 0 Vdc, f = 100 MHz) 2N5358 

Db Ub 2N5359 

2N5360 

2N5361 

2N5362 

2N5363 

2N5364 

Re(y fs ) 

800 

900 

1400 

1700 

1900 

2100 

2200 

- 

/imhos 

Output Admittance 

(V^ = 15 Vdc, V rG =0, f = 1. 0 kHz) 2N5358, 2N5359 

Ub 2N5360, 2N5361 

2N5362, 2N5363 
2N5364 

1 y osl 

- 

10 

20 

40 

60 

/imhos 

Input Capacitance 

( V Ds = 15 Vdc, v gs = °> f = !• 0 MHz ) 

C iss 

- 

6.0 

pF 

Reverse Transfer Capacitance 
(V Dg = 15 Vdc, V Gg = 0, f = 1. 0 MHz) 

C 

rss 

- 

2.0 

pF 

Common-Source Noise Figure 
(V Dg = 15 Vdc, V Gg = 0, R G = 1.0 Megohm, f = 100 Hz, 

BW = 1.0 Hz) 

NF 

- 

2.5 

dB 

Equivalent Short-Circuit Input Noise Voltage 
(V Dg = 15 Vdc, V Gg = 0, f = 100 Hz, BW = 1. 0 Hz) 

e n 

- 

115 

nV/>/Hz 


2-145 






ID, DRAIN CURRENT (mA) Id, DRAIN CURRENT (mA) Iq, DRAIN CURRENT (mA) 


2N5358 thru 2N5364 (continued) 


DRAIN CURRENT versus GATE 
SOURCE VOLTAGE 
FIGURE 1 -2N5358 



ol I LSSaguJ- I I 1 

0 0.2 0.4 0.6 0.8 1.0 


VGS, GATE-SOURC&VOLTAGE (VOLTS) 


FIGURE 3 - 2N5359 



VGS, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 5- 2N5360 



VGS, GATE-SOURCE VOLTAGE (VOLTS) 


FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 
FIGURE 2 - 2N5358 



ID, DRAIN CURRENT (mA) 


FIGURE 4 -2N5359 



ID, DRAIN CURRENT (mA) 
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r oss , OUTPUT RESISTANCE (Megohms) flip, TEMPERATURE COEFFICIENT (juA/°C) H Ip, DRAIN CURRENT (mA) 


2N5358 thru 2N5364 (continued) 


DRAIN CURRENT versus 
GATE-SOURCE VOLTAGE 
FIGURE 13 — 2N5364 


FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 
FIGURE 14 — 2N5364 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

Vqs. GATE-SOURCE VOLTAGE (VOLTS) 



FIGURE 15 - TYPICAL DRAIN CURRENT 
iMPERATURE COEFFICIENT versus DRAIN CURRENT 


FIGURE 16 - TYPICAL FORWARD TRANSADMITTANCE 
TEMPERATURE COEFFICIENT versus DRAIN CURRENT 




Ip, DRAIN CURRENT (mA) 


Ip, DRAIN CURRENT (mA) 


FIGURE 17 - TYPICAL OUTPUT RESISTANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


FIGURE 18 - TYPICAL CAPACITANCE 



0 4.0 8.0 12 16 20 


Ip, DRAIN CURRENT (mA) 


VOLTAGE (VOLTS) 
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NF, NOISE FIGURE (dB) 


2N5358 thru 2N5364 (continued) 


FIGURE 19 - TYPICAL NOISE FIGURE 
versus FREQUENCY 


FIGURE 20 - TYPICAL NOISE FIGURE 
versus SOURCE RESISTANCE 




0.01 0.1 1.0 10 100 0.001 0.01 0.1 1.0 10 
f, FREQUENCY (kHz) R S , SOURCE RESISTANCE (Megohms) 


FIGURE 21 - EQUIVALENT LOW FREQUENCY CIRCUIT 



Common Source 
V Parameters for Frequencies 
Below 30 MHz 

Yis = j<^ Cjss 

yos = i<*>C OS p* + 1/ross 

Yfs=IYf s l 

Yrs = Crss 


I 


NOTE: Graphical data is presented for dc conditions. Tabular 
data is given for pulsed conditions (Pulse Width = 630 ms. 
Duty Cycle = 10%). 
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2n5400 (SILICON) 
2n5401 


PNP SI LICON ANNULAR TRANSISTORS 

. . . designed for general-purpose, high-voltage amplifier applications. 

• High Collector-Emitter Breakdown Voltage - 

BVcEO = 1 20 and 1 50 Vdc (Min) 

• Low Saturation Voltage 

VcE(sat) = 0.5 V (Max) @ = 50 mA 

• Current Gain Specified from 1.0 mAdc to 50 mAdc 

• Excellent for Nixie® Driver Applications 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5400 

2N5401 

Unit 

^Collector-Emitter Voltage 

v CEO 

120 

150 

Vdc 

* Collector-Base Voltage 

V CB 

130 

160 

Vdc 

* Emitter-Base Voltage 

V EB 

5.0 

Vdc 

*Collector Current — Continuous 

•c 

600 

mAdc 

*Total Power Dissipation @ T/\ = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

*Operating and Storage Junction 

TjTstg 

-55 to +1 50 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

^Thermal Resistance, Junction to Ambient 

r 0J A U) 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°C/W 


* Indicates JED EC Registered Data 

(1) RfljA is measured with the device soldered into a typical printed circuit board. 
®Trademark of Burroughs Corporation. 


HIGH VOLTAGE 


PNP SI LICON 

AMPLIFIER TRANSISTORS, 




STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0016 

0.021 

F 

0.407 

0.482 

0.016 

0019 

K 

12.700 

- 

0.500 

- 

L 

1 150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2 670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5400, 2N5401 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic | Symbol | Min j Max | Unit 

OFF CHARACTERISTICS 


*Collector-Emitter Breakdown Voltage (1) 

(l c = 1.0 mAdc, l B = 0) 

2N5400 

2N5401 

bv C eo 

120 

150 

- 

Vdc 

Collector-Base Breakdown Voltage 


BVcso 



Vdc 

(lc = 100 juAdc, l E = 0) 

2N5400 


130 

- 



2N5401 


160 

- 


Emitter-Base Breakdown Voltage 


8V EB0 



Vdc 

(l E = 10 juAdc, lc - 0) 



5.0 

"" 


Collector Cutoff Current 


>CBO 



nAdc 

<V CB = 100 Vdc, l E = 0) 

2N5400 


- 

100 


(V CB = 120 Vdc, l E = 0) 

2N5401 


- 

50 


(V CB = 100 Vdc, l E = o, T A = 100°C) 

2 N 5400 


- 

100 

juAdc 

(V C b = 120 Vdc, l E = 0, T A = 100°C) 

2N5401 


- 

50 


Emitter Cutoff Current 


>EBO 



nAdc 

(V EB = 3.0 Vdc, l C = 0) 



- 

50 



ON CHARACTERISTICS (1) 


*DC Current Gain 

(l c = 1-0 mAdc, V C e = 5.0 Vdc) 

(l c = 10 mAdc, V C e = 5.0 Vdc) 

(l C = 50 mAdc, V C e = 5.0 Vdc) 

2N5400 

2N5401 

2N5400 

2N5401 

2IM5400 

2N5401 

hFE 

30 

50 

40 

60 

40 

50 

180 

240 


•Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(lc = 10 mAdc, l B = 1.0 mAdc) 



- 

0.20 


(lc = 50 mAdc, l B = 5.0 mAdc) 



- 

0.5 


*Base-Emitter Saturation Voltage 


v BE(sat) 



Vdc 

(lc = 10 mAdc, l B = 1.0 mAdc) 



- 

1.0 


(lc = 50 mAdc, l B = 5.0 mAdc) 




1.0 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(l C = 10 mAdc, V C E = 10 Vdc, f = 100 MHz) 2N5400 

2N5401 

fT 

100 

100 

400 

300 

MHz 

Output Capacitance 

Cob 



pF 

(V CB = 10 Vdc, l E =0, f = 1.0 MHz) 


- 

6.0 


Small-Signal Current Gain 

5f e 



_ 

(l C = 1-0 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 2N5400 


30 

200 


2N5401 


40 

200 


Noise Figure 

NF 



dB 

(l c = 250 juAdc, V C E = 5.0 Vdc, 


- 

8.0 


R S = 1.0 k ohm, f = 10 Hz to 15.7 kHz) 






indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width = 300 jus, Duty Cycle = 2.0%. 
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V C E, COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE, CURRENT GAIN 


2N5400, 2N5401 (continued) 


FIGURE 1 - DC CURRENT GAIN 



1C, COLLECTOR CURRENT (mA) 



0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

IB, BASE CURRENT (mA) 



0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

V B E, BASE-EMITTER VOLTAGE (VOLTS) 
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V, VOLTAGE (VOLTS) 


2N5400, 2N5401 (continued) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

1C, COLLECTOR CURRENT (mA) 


FIGURE 5 - TEMPERATURE COEFFICIENTS 



FIGURE 6 - SWITCHING TIME TEST CIRCUIT 


10.2 V 




0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

Vr, REVERSE VOLTAGE (VOLTS) 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 

1C, COLLECTOR CURRENT (mA) 


FIGURE 9 - TURN-OFF TIME 
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2n5427 (SILICON) 

thru 

2n5430 



CASE 80 

(TO-66) 

Collector connected to case 


Medium-power NPN silicon transistors designed for 
switching and wide-band amplifier applications. 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5427 

2N5428 

2N5429 

2N5430 

Unit 

Collector -Emitter Voltage 

V CEO 

80 

100 

Vdc 

Collector -Base Voltage 

V 

V CB 

80 

100 

Vdc 

Emitter -Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

*c 

7. 

0 

Adc 

Base Current 

l B 

1 . 

0 

Adc 

Total Device Dissipation @ = 25°C 

P D 

40 

Watts 

Derate above 25°C 

228 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J ? T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e jc 

4.37 

°c/w 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



0 20 40 60 80 100 120 140 160 180 200 

Tc, CASE TEMPERATURE (°C) 


Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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2N5427 thru 2N5430 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless Otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(I c = 50 mAdc, I fi = 0) 

2N5427, 2N5428 
2N5429, 2N5430 

- 

BV CEO(sus) 

80 

100 

- 

Vdc 

Collector Cutoff Current 
(V CE = 75 Vdc, I B = 0) 

2N5427, 2N5428 


! ceo 

_ 

100 

pAdc 

(V CE =90 Vdc, I B =0) 

2N5429, 2N5430 



- 

100 


Collector Cutoff Current 
(V CE = 75Vdc, V EB(o£() =1.5Vdc) 

2N5427, 2N5428 

12 

*CEX 


10 

pAdc 

(V CE = 90Vdc, V EB(o£f) = 1.5 Vdc) 

2N5429, 2N5430 



- 

10 


(V CE = 75 Vdc, V EB(o££) » 1. 5 Vdc, T c = 150-C) 

2N5427, 2N5428 



- 

1.0 

mAdc 

(V CE = 90 Vdc, V EB(0££) = 1. 5 Vdc, T c = 150°C) 

2N5429, 2N5430 



- 

1.0 


Collector Cutoff Current 
(V CB = Rated V CB , Ig = 0) 

_ 

*CBO 

- 

10 

pAdc 

Emitter Cutoff Current 
(V be = 6. 0 Vdc, I c = 0) 

_ 

J E BO 

- 

100 

pAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 


8 

h FE 



_ 

(I c = 500 mAdc, V CE =2.0 Vdc) 

2N5427, 2N5429 


30 

_ 


2N5428, 2N5430 



60 

- 


(I c = 2.0 Adc, V CE = 2.0 Vdc) 

2N5427, 2N5429 



30 

120 


2N5428, 2N5430 



60 

240 


(I c = 5.0 Adc, V CE =2.0 Vdc) 

2N5427, 2N5429 



20 

_ 


2N5428, 2N5430 



40 

- 


Collector-Emitter Saturation Voltage (11 



V CE(sat) 



Vdc 

(I c = 2.0 Adc, I B = 0.2 Adc) 


9, 11, 13 

- 

0.7 


(I c = 7.0 Adc, Ig = 0.7 Adc) 




- 

1.2 


Base-Emitter Saturation Voltage (11 


11,13 

V BE(sat) 



Vdc 

(I c = 2.0 Adc, Ig = 0.2 Adc) 



- 

1.2 


(I c = 7. 0 Adc, Ig = 0.7 Adc) 




- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 500 mAdc, V CE = 10 Vdc, f = 10 MHz) 

- 

f T 

30 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

7 

O 

o 

- 

250 

PF 

Input Capacitance 

(Vg E = 2.0 Vdc, I c = 0, f = 100 kHz) 

7 

c ib 

; 

1,000 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V cc -40Vdc, V EB(of£) = 3.0Vdc, 

I c = 2.0 Adc, I B1 = 200 mAdc) 

2,3 

l d 

i 

100 

ns 

Rise Time 

fc r 

- 

100 

ns 

Storage Time 

(V cc = 40 Vdc, I c = 2.0 Adc, 

Igl = Ig 2 = 200 mAdc) 

2,6 

*8 

- 

2.0 

ps 

Fall Time 


- 

200 

ns 


W Pulse Test: Pulse Width w 300 ps, Duty Cycle « 2.0%. 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 

lc. COLLECTOR CURRENT (AMPS) 
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, RbE. external base-emitter 

C' COLLECTOR CURRENT (AMPS) RESISTANCE (OHMS) hFE. DC CURRENT GAIN 










2n5431 (SILICON) 


STYLE 1 
PIN 1. 
2 . 
3. 



(TO-18 Modified) 

Lead 3 connected to case 


Silicon annular unijunction transistors characterized 
primarily for low interbase-voltage operation in sensing, 
pulse triggering, and timing circuits. 


MAXIMUM RATINGS (T a = 25 °C unless otherwise noted) 


’ Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

P * 

D 

300 

mW 

RMS Emitter Current 

I 

e 

50 

mA 

Peak-Pulse Emitter Current ** 

i ** 
e 

1. 5 

A 

Emitter Reverse Voltage 

V 

V B2E 

30 

V 

Interbase Voltage ^ 

V £ 

B2B10 

35 

V 

Operating Junction Temperature Range 

t j 

-65 to +125 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


*Derate 3. 0 mW/°C increase in ambient temperature. 
**Duty Cycle < 1. 0%, PRR - 10 PPS (see figure 5). 
^Based upon power dissipation at = 25° C. 


FIGURE 1 - UNIJUNCTION TRANSISTOR FIGURE 2 -STATIC EMITTER 

SYMBOL AND NOMENCLATURE CHARACTERISTICS CURVES 
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2N5431 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25 °C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

Intrinsic Standoff Ratio® 

4 

n® 



_ 

< V B2B1 = 10V > 



0.72 

0. 80 


Interbase Resistance 


r bb 



kfi 

< V B2B1= 3 - 0V ’ I E =0) 


6.0 

8.5 


Interbase Resistance Temperature Coefficient 


" r bb 



%r c 

< V B2B1 =3 - 0V > I E =0 ' T A = 0tol00°C) 


0.4 

0.8 


Emitter Saturation Voltage © 


V EBl(sat)® 



V 

' V B2B1 * 10 V ' h = 50 mA) 


- 

3.0 


Modulated Interbase Current 


I B2(mod) 



mA 

< V B2B1 * 10 V ’ h = 50 mA) 


5.0 

30 


Emitter Reverse Current 


Y 



nA 

< V B2E =30V ' ^l' 0 * 


EB20 

- 

10 

Peak-Point Emitter Current 


Ip 



mA 

< V B2B1 * 25 V > 


P 

- 

0.4 

< V B2B1= 4 - 0V > 



- 

4.0 


Valley-Point Current® 


V® 



mA 

(V B2B1 =20V ’ R b2 = WO ohms) 


2.0 

- 


Base-One Peak Pulse Voltage 

3 

V OBl 

1.0 

_ 

V 

(V RB = 4. 0 volts) 






(Dry, Intrinsic standoff ratio, is defined in terms of the peak-point voltage, Vp, by means of the equation: Vp = 
7?V B2B10 + ^F’ where v p is about 0- 49 volt at 25° C (sl^, = 10 juA and decreases with temperature at about 2. 5 
mV/°C. The test circuit is shown in Figure 4. Components Rj, Cl, and the UJT form a relaxation oscillator; 
the remaining circuitry serves as a peak-voltage detector. The forward drop of Diode Di compensates for Vf- 
To use, the ’’cal” button is pushed, and R3 is adjusted to make the current meter, Ml, read full scale. When 
the "cal” button is released, the value of ryis read directly from the meter, if full scale on the meter reads 1.0. 

© Use pulse techniques: PW ~ 300 /as, Duty Cycles 2. 0% to avoid internal heating, which may result in erroneous 
readings. 


FIGURE 3 -Vobi TEST CIRCUIT 



FIGURE 4- 7 ) TEST CIRCUIT 


+10 v 



FIGURE 5- PRR TEST CIRCUIT 
AND WAVEFORM 

DUTY CYCLE ^ 1.0%, PRR < 10 PPS 



CURRENT WAVEFORM THRU Rj 



20-30 V 

(Adjust for 1.5 A 
peak in R i ) 
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2n5435 (GERMANIUM) 

thru 

2n5440 , 


PNP germanium power switching transistors designed 
for high-current, fast-switching applications requiring low 
saturation voltage and excellent safe operating area. 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


MILLIMETERS 
1 DIM I MIN 1 MAX 1 


B 

- 

21.08 

■■urn 

C 

- 

9.14 

■BiliMi! 

D 

1.52 

1.65 

tiMiM'i'Md 

E 

- 

3.43 


F 

29.90 

30.40 

nmniETM 

G 

10.67 

11.18 

EKStHiEHS 

H 

5.33 

5.59 


J 

16.64 

17.15 

M&diEBai 

K 

15.49 

18.03 


Q 

3.84 

4.09 

lilLiHfilTini 


U SEATING PLANE 


- INCHES 

MIN MAX 
1.550 


30.40 1.177 1.197 

11.18 0.420 0.440 

5.59 0.210 0.220 

17.15 0.655 0.675 

17.27 0.610 0.680 

3.30 0.120 0.130 

4.09 0.151 0.161 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



f SINGLE PULSE 


0.2 0.3 0.5 1.0 


. D CURVES APPLY FOR POWER- 
PULSE TRAIN SHOWN 
- READ TIME AT ti 
' Tj(pk)-Tc = 0JCr(t1.D)P pk - 


2.0 3.0 5.0 10 20 30 50 100 200 300 

M, PULSE WIDTH (ms) 

Maximum Ratings for MP5435 Series are the Same as the 2N5435 Series 


200 300 500 1000 2000 3000 5000 10,000 








Pd, POWER DISSIPATION (WATTS) 


2N5435 thru 2N5440 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)* * 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

• 

bv ceo 



Vdc 

(I c = 0. 1 Adc, I fi = 0) 

2N5435, 2N5438 

60 

- 


2N5436, 2N5439 


90 

- 



2N5437, 2N5440 


120 

- 


Collector Cutoff Current 


*CEX 



mAdc 

(V CE = 80Vdc, V BE(o „ r 0.2Vdc) 

2N5435, 2N5438 

- 

10 


(V CE = 110 Vdc, V BE(off) = 0.2 Vdc) 

2N5436, 2N5439 


- 

10 


(V CE = 140Vdo. V BE(off) = 0.2Vdc) 

2N5437, 2N5440 


- 

10 


(V^.- 80 Vdc, VBE(of£) = 0.2Vdc, 

r c = +85 °C) 2N5435, 2N5438 


- 

30 


(V CE = 110 Vdc, V BE(o£f) = 0.2 Vdc, 

T c = +85°C) 2N5436, 2N5439 


- 

30 


(V CE = HO Vdc, V be(q££) = 0. 2 Vdc, 

T c = +85°C) 2N5437, 2N5440 


- 

30 


Collector Cutoff Current 


^BO 



MAdc 

(V CB = 2.0Vdc, I E = 0) 


- 

200 

Emitter Cutoff Current 


^BO 



mAdc 

(V BE =2.5Vdc, I c = 0) 


" 

500 


ON CHARACTERISTICS 

DC Current Gain* 


h * 




(I c = 25 Adc, V CE = 2.0 Vdc) 

2N5435, 2N5436, 2N5437 


20 

60 


2N5438, 2N5439, 2N5440 


40 

120 


(I c = 60 Adc, V CE =2.0 Vdc) 

2N5435, 2N5436, 2N5437 


10 



2N5438, 2N5439, 2N5440 


15 

- 


Collector-Emitter Saturation Voltage* 


V CE(sat)* 



Vdc 

d c = 60 Adc, I fi = 6. 0 Adc) 

2N5435, 2N5436, 2N5437 

- 

0.75 


2N5438, 2N5439, 2N5440 


_ 

0. 50 


Base-Emitter Saturation Voltage* 


v * 

BE (sat) 



Vdc 

d c = 60 Adc, Ig = 6. 0 Adc) 

2N5435, 2N5436, 2N5437 

- 

1.2 


2N5438, 2N5439, 2N5440 



0.9 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 

f 



kHz 

(I c = 5. 0 Adc, V CE = 5. 0 Vdc, f = 100 kHz) 

T 

350 

~ 



SWITCHING CHARACTERISTICS 


Rise Time 

(I c = 25 Adc, I Bl = 2.5 Adc, I fi2 = 2. 5 Adc) 

(See Figure 4) 

4 r 

- 

12 

MS 

Storage Time 


- 

10 

MS 

Fall Time 

l f 

- 

8.0 

MS 


**Electrical Characteristics for MP5435 series are the same as the 2N5435 series. 

* To avoid excessive heating of the collector junction, perform test with pulse method. 


FIGURE 2 - POWER-TEMPERATURE 
DERATING CURVE 


160 

120 

80 

40 

0 

20 40 60 80 100 110 

Tc, CASE TEMPERATURE (°C) 



1 1 1 1 1 

FOR TRANSIENT THERMAL RESISTANCE 
AND SAFE OPERATING AREA INFORMA- 
TION, SEE FIGURES 1, 5, AND 6. 





























k 


FIGURE 3 - SWITCHING TIMES 
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2n 5441 thru 2N5446 (SILICON) 

MAC40688 h,™ MAC40690 


MT2 O- 

■j^.. ■ q mti 

1 

1 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup- 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled 
solid-state devices are needed. 

• Glass Passivated Junctions and Center Gate Fire 

• Isolated Stud for Ease of Assembly 

• Gate Triggering Guaranteed In All 4 Quadrants 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

* Repetitive Peak Off -State Voltage (1) 

Vdrm 


Volts 

(Tj = -65 to +110°C) 




1/2 Sine Wave 50 to 60 Hz, Gate Open 




*Peak Principal Voltage 




2IM5441, 2 l\l 5444, MAC40688 


200 


2N5442, 2N5445, MAC40689 


400 


2 N 5443, 2N5446, MAC40690 


600 


’Peak Gate Voltage 

V GM 

30 

Volts 

*On-State Current RMS 

>T(RMS) 


Amp 

(T c = -65 to +70°C) 


40 


(T c = +100°C) 


20 


Full Sine Wave, 50 to 60 Hz 




*Peak Surge Current 

>TSM 

300 

Amp 

(One Full Cycle of surge current at 60 Hz, 




preceeded and followed by a 40 A RMS current. 




Tj = +110°C) 




*Peak Gate Power 

P GM 

40 

Watts 

(Pulse Width = 10 ms Max) 




’Average Gate Power 

P G(AV) 

0.75 

Watt 

’Peak Gate Current ( 10 ms Max) 

'gm 

4.0 

Amp 

’Operating Junction Temperature Range 

Tj 

-65 to +110 

°C 

’Storage Temperature Range 

T stg 

-65 to +150 

°C 

’Stud Torque 

: 


30 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

’Thermal Resistance, Junction to Case 

R 0JC 


°C/W 

2N5441 , 2N5442, 2N5443 


0.8 


2 N 5444, 2 N 5445, 2N5446 


0.9 


MAC40688, MAC40689, MAC40690 


1.0 



’Indicates JEDEC Registered Data for2N5441 thru 2N5446. 


(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested with a 
constant current source for blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 


TRIACS 

(THYRISTORS) 

40 AMPERES RMS 
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2N5441 thru 2N 5446/M AC40688 thru MAC40690 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Blocking Current (Either Direction) 

•drm 

- 

0.5 

4.0 

mA 

Rated V DRM @Tj = 110°C 






*On-State Voltage (Either Direction) 

VTM 

- 

1.65 

1.85 

Volts 

•TM = 56 A Peak, Pulse Width <1.0 ms. Duty Cycle <2.0% 






Gate T rigger Current ( 1 ) 





mA 

Main Terminal Voltage = 12 Vdc, Rl = 50 Ohms 

MT2 (+), G(+) 


1 

15 

70 


MT2 (+), G(-) 



15 

70 


MT2 (-), G(-) 


■ 

15 

70 


MT2 (-), G(+) 


■ 

20 

100 


*MT2 (+), G(+); MT2 (-), G (-) T c = -65°C 



- 

125 


*MT2 (+), G(-); MT2 (-). G<+) T c = -65°C 



- 

240 


Gate Trigger Voltage 

Main T erminal Voltage = 12 Vdc, R j_ = 50 Ohms 

MT2 (+), G(+) 

V GT 


1.1 

2.0 

Volts 

MT2 (+), G(-) 


- 

1.1 

2.0 


MT2 (-), G(-) 


- 

1.1 

2.0 


MT2 (-), G(+) 


- 

1.3 

2.5 


*AII Quadrants, T c = -65°C) 


_ 

- 

3.4 


•Main Terminal Voltage = Rated Vdrm = R|_ = 10 k ohms, Tj = +1 10°C 


0.2 

- 

- 


Holding Current 

'H 




mA 

Main Terminal Voltage = 12 Vdc, Gate Open 

Initiating Current = 150 mA 






MT2 (+) 


- 

10 

70 


MT2 (-) 


- 

10 

70 


•Either Direction, Tq = -65°C 


- 

- 

100 


*T urn-On Time 

*gt 

- 

1.0 

2.0 

as 

Main Terminal Voltage = Rated V^rm, Ijm = 56 A, 

Gate Source Voltage = 12 V, Rg = 12 Ohms, Rise Time = 0.1 jus. 

Pulse Width = 2.0 jus 







•Critical Rate-of -Rise of Commutation Voltage 

dv/dt 




V/jus 

Rated Vqr|\/|, Ijiyi = 40 A, Commutating 
di/dt = 22 A/ms, gate energized 






T c = 70°C 2N5441 , 2N5442, 2N5443 


5.0 

30 

- 


= 65°C 2N5444, 2N5445, 2N5446 


5.0 

30 

- 


= 60°C MAC40688, MAC40689, MAC40690 


5.0 

30 

- 


Rated Vdrm, Exponential Voltage Rise, 






Gate Open, T c = 110°C 






2N5441 , 2N5444, MAC40688 


50 




2N5442, 2N5445, MAC40689 


30 




2N5443, 2N5446, MAC40690 


20 





•Indicates JEDEC Registered Data for 2N5441 thru 2N5446. 


(1) All voltage polarity referenced to Main Terminal 1. 


G(-) 


QUADRANT DEFINITIONS 
MT2(+) 


QUADRANT II 

QUADRANT 1 

MT2<+), G(-) 

MT2(+), G< + ) 

QUADRANT III 

QUADRANT IV 

MT2H, G(-) 

MT2(-), G(+) 


Trigger devices are recommended for gating on Triacs. They provide: 

1 . Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and reliable operation. 


ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 


USAGE 

General 

Lamp Dimmer 

PART NUMBER 

MBS4991 

MBS4992 

MBS100 

v s 

6.0 - 10 V 

7.5 -9.0 V 

3.0 - 5.0 V 

•s 

350 ju A Max 

120 juA Max 

100 - 400 M A 

V S1 - V S2 

0.5 V Max 

0.2 V Max 

0.35 V Max 

Temperature 

Coefficient 

0.02%/°C Typ 


See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 


MT2I-) 
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2N5441 thru 2N 5446/M A C40688 thru MAC40690 (continued) 


FIGURE 1 - POWER DISSIPATION versus 
ON STATE CURRENT 


FIGURE 2 - CASE TEMPERATURE versus 
ON STATE CURRENT 




FIGURE 3 - TYPICAL GATE TRIGGER VOLTAGE 




-80 -60 -40 -20 0 20 40 60 80 100 120 


Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 



0 05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 Ik 2 k 5 k 


t, TIME (ms) 









2N5457 (SILICON) 

2n5458 Silicon N-cJiannel junction field-effect transistors de- 

_ pletion mode (Type A) designed for general-purpose 

2n5459 audio and switching applications. 

1 2 3 


STYLE 5- 

PIN 1 DRAIN 
2 SOURCE 
3. GATE 


CASE 29 

(TO-92) 


Drain and source may be 
interchanged. 


ELECTRICAL CHARACTERISTICS (T a = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(Iq = -10/uAdc, Vj)g = 0) 

BV GSS 

25 

— 

— 

Vdc 

Gate Reverse Current 
(V G S = -15 Vdc, V DS = 0) 


! gss 





1.0 

nAdc 

(V G S = -15 Vdc, V DS = 0, T a = 100°C) 



— 

— 

200 


Gate-Source Cutoff Voltage 
( V DS = 15 Vdc, I D = 10 nAdc) 

2N5457 

v GS(off) 

0.5 



6.0 

Vdc 


• 2N5458 


1.0 

— 

7.0 



2N5459 


2.0 

- 

8.0 


Gate-Source Voltage 
(V D S = 15 Vdc, I D = lOOjuAdc) 

2N5457 

V GS 

_ 

2.5 



Vdc 

( V DS = 15 Vdc, I D = 200 juAdc) 

2N5458 


— 

3.5 

— 


(V DS = 15 Vdc, I D = 400 MAdc) 

2N5459 


— 

4.5 

— 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current (11 

!dSS 




mAdc 

(V DS = 15 Vdc, Vqs = 0) 2N5457 


1.0 

3.0 

5.0 


2N5458 


2.0 

6.0 

9.0 


2N5459 


4.0 

9.0 

16 



DYNAMIC CHARACTERISTICS 


Forward Transfer Admittance ( 1 1 
(V DS = 15 Vdc, Vqs = 0, f = 1 kHz) 2N5457 

2N5458 

2N5459 

l y fs| 

1000 

1500 

2000 

3000 

4000 

4500 

5000 

5500 

6000 

pi mhos 

Output Admittance It) 

(V DS = 15 Vdc, Vqs = 0, f = 1 kHz) 

| y os| 



10 

50 

M mhos 

Input Capacitance 

(V DS = 15 Vdc, V GS = 0, f = 1 MHz) 

c iss 

___ 

4.5 

7.0 

pF 

Reverse Transfer Capacitance 
(V DS = 15 Vdc, Vqs = 0, f = 1 MHz) 

c rss 

— 

1.5 

3.0 

pF 


0> Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10% 

(2) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows. Pq = 1 .0 W @ T q = 25°C, 
Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 0 JC = 125° C/W. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

Drain- Gate Voltage 

V DG 

25 

Vdc 

Reverse Gate-Source Voltage 

V GS(r) 

25 

Vdc 

Gate Current 

X G 

10 

mAdc 

Total Device Dissipation @ T^= 25°C 

P D (2> 

310 

mW 

Derate above 25°C 


2.82 

mW/°C 

Operating Junction Temperature 

Tj' 2 ' 

135 

°C 

Storage Temperature Range 

T stg (2> 

-65 to +150 
- , ; 

°C 
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2n5460 (SILICON) 

thru 


2n5465 


P-channel depletion mode (Type A) junction field- 
effect transistors designed for use in general-purpose am- 
plifier applications. 



CASE 29 

(TO-92) 


STYLE 7- 

PIN 1 SOURCE 
2 DRAIN 
3. GATE 


1 2 3 



MAXIMUM RATINGS 


1 

1 

Rating 

Symbol 

2N5460 

2N5461 

2N5462 

2N5463 

2N5464 

2N5465 

Unit 

Drain-Gate Voltage 

V DG 

40 

60 

Vdc 

Reverse Gate -Source Voltage 

V GS(r) 

40 

60 

Vdc 

Forward Gate Current 

‘gw 

10 

mAdc 

Total Device Dissipation @ T^ = 25°C 

V" 

310 

mW 

Derate above 25°C 

2. 

82 

mW/°C 

Storage Temperature Range 

T (1) 

stg 

-65 to +150 

°C 

Operating Junction Temperature Range 

m (1 ) 

J 

-65 to +135 

°C 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows. P D = 1 .0 W @ T C = 25°C, Derate above 25°C - 8.0 mW/°C, T j = -65 to + 1 50°C, 
0 JC = 1 25°C/W. 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 



SMALL-SIGNAL CHARACTERISTICS 


Forward Trans admittance 

(V = 15 Vdc, V rQ = 0, f = 1. 0 kHz) 2N5460, 2N5463 

2N5461, 2N5464 
2N5462, 2N5465 

i y fsl 

1000 

1500 

2000 

- 

4000 

5000 

6000 

/i mhos 

Output Admittance 

(V DS = 15 Vdc, V Gg = 0, f = 1. 0 kHz) 

1 y os 1 

- 

- 

75 

/imhos 

Input Capacitance 

( V Ds = 15 Vdc, V Gg = 0, f = 1. 0 MHz) 

C iss 

- 

5.0 

7.0 

pF 

Reverse Transfer Capacitance 
(V DS = 15 Vdc, V QS = 0, f = 1. 0 MHz) 

C 

rss 

- 

1.0 

2.0 

pF 

Common-Source Noise Figure 
(V Dg = 15 Vdc, V QS = 0, R q = 1. 0 Megohm, f = 100 Hz, 

BW = 1. 0 Hz) 

NF 


1.0 

2. 5 

dB 

Equivalent Short-Circuit Input Noise Voltage 
(V~ c = 15 Vdc, V^ c = 0, f = 100 Hz, BW = 1. 0 Hz) 

Do Vjro 

e n 

- 

1 

60 

115 

nV/jHz 
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Id, DRAIN CURRENT (mA) Id, drain CURRENT (mA) IQ, DRAIN CURRENT (mA) 


2N5460 thru 2N5465 (continued) 


DRAIN CURRENT versus GATE 
SOURCE VOLTAGE 

FIGURE 1 - 2 INI 5460 and 2N5463 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 
1.0 
0.5 

0 

O' 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

VGS, GATE-SOURCE VOLTAGE (VOLTS) 


10 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 
1.0 

0 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Vqs, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 2 - 2N5461 and 2N5464 
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FIGURE 3 - 2N5462 and 2N5465 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

VGS, GATE-SOURCE VOLTAGE (VOLTS) 


FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 

FIGURE 4 - 2N5460 and 2N5463 



ID, DRAIN CURRENT (mA)" 


FIGURE 5 - 2N5461 and 2N5464 



FIGURE 6 - 2N5462 and 2N5465 
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NF, NOISE FIGURE (dB) r oss , OUTPUT RESISTANCE (k ohms) 


2N5460 thru 2N5465 (continued) 


FIGURE 7 - OUTPUT RESISTANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 


Id, DRAIN CURRENT (mA) 


FIGURE 8 - CAPACITANCE VERSUS 


DRAIN-SOURCE VOLTAGE 



FIGURE 9 - NOISE FIGURE FIGURE 10 - NOISE FIGURE VERSUS 




10 20 30 50 100 200300 500 1,000 20003000 10,000 1.0 10 100 1000 10,000 

f, FREQUENCY (Hz) RS, SOURCE RESISTANCE (k Ohms) 


FIGURE 11 - EQUIVALENT LOW FREQUENCY CIRCUIT 



Common Source 
y Parameters for Frequencies 
Below 30 MHz 


Vis = i wC iss 
Vos 3 ^ ^osp* + ^ r oss 
Vfs = Vfs I 
Yrs = -i wC rss 


NOTE: 

1. Graphical data is presented for dc conditions. Tabular data is 
given for pulsed conditions (Pulse Width = 630 ms. Duty Cycle = 
10%). 
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2n5471 (SILICON) 

thru 

2n5476 


P-CHANNEL JUNCTION FIELD-EFFECT 
TRANSISTORS 


Depletion mode Junction Field-Effect Transistors designed for 
general-purpose amplifier and switching applications. 

• High Gate-Source Breakdown Voltage — 

V(BR)GSS = 40 Vdc (Min) for All Types 

• High DC Input Resistance — 

•GSS = 100 pAdc (Max) @ Vqs = 10 Vdc 

• Low Reverse Transfer Capacitance — 

C rss = 1.0 pF (Max) @ V DS = -15 Vdc 

• Tight IdSS Range for Easier Circuit Design 

• Drain and Source Interchangeable 


P-CHANNEL 


JUNCTION FIELD-EFFECT 
TRANSISTORS 



‘MAXIMUM RATINGS 


Rating 


Drain-Gate Voltage 


Reverse Gate-Source Voltage 


Forward Gate Current 


Total Power Dissipation @T^ = 25°C 
Derate above 25°C 


Operating Channel Temperature Range 


Storage T emperature Range 


Symbol 


V DG 


V GSR 


>GF 


^channel 


1 stg 


40 


300 

2.0 


-65 to +175 


mW 

mW/°C 


°C 


'Indicates JEDEC Registered Data. 


f~*~ A - 

tr 


SEATING 

PLANE 


STYLE 2 

PIN 1. SOURCE 


■— D 


DRAIN 


SUBSTRATE AND — 1 

1— N 

CASE LEAD JL* 

k p 

f 1/TT 


\ 



/- J f f 


i 1 

-F K 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B I 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

0 

0.41 

0.53 

0.016 

0.021 

E ^ 

- 

0.76 

- 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 


0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

_ 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° 

BSC 

45° 

1 BSC 

N 

1.27 BSC 

0.050 BSC 

1 P 1 - 1 1.27 

- 1 0.050 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 
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2N5471 thru 2N5476 (continued) 


^ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min j Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(l G = lO^Adc, V DS = 0) 

V (BR)GSS 

40 

- 

Vdc 

Gate-Source Cutoff Voltage 

v GS(off) 



Vdc 

(V DS = -15 Vdc, l D = -lOnAdc) 2N5471 


0.5 

4.0 


2N5472 


0.7 

4.0 


2N5473 


0.9 

6.0 


2N5474 


1.2 

7.0 


2N5475 


1.5 

8.0 


2N5476 


2.0 

9.0 


Reverse Gate Current 

•gss 



nAdc 

(V GS = 10 Vdc, V DS - 0) 


- 

0.1 


(V GS - 20 Vdc, V DS =0) 


- 

0.5 


(V GS = 20 Vdc, V DS = 0, T A = 150°C) 


- 

1.0 

/uAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (1) 

(V DS = -15 Vdc, V GS = 0) 

2N5471 

2N 5472 

2N5473 

2N5474 

2N5475 

2N5476 

•dss 

0.02 

0.05 

0.10 

0.20 

0.40 

0.80 

0.06 

0.12 

0.25 

0.50 

1.0 

2.0 

mAdc 

Gate-Source Voltage 


vqs 



Vdc 

(V DS = -15 Vdc, l D = 2.0 /uAdc) 

2N5471 


0.5 

3.0 


(V DS = -15Vdc, ! q = 5.0/uAdc) 

2N5472 


0.7 

3.5 


(V D s = -15 Vdc, t D = lOjuAdc) 

2N5473 


0.9 

4.5 


(V D s = -15 Vdc, l D = 20 juAdc) 

2N5474 


1.2 

6.0 


(V DS * -15 Vdc, Ip = 40MAdc) 

2N5475 


1.5 

7.5 


(V DS = -15 Vdc, l D = 80 /uAdc) 

2N5476 


2.0 

8.0 



SMALL SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (1) 

(V DS = -15 Vdc, V GS = 0, f = 1.0 kHz) 2N5471 

2N5472 

2N5473 

2N5474 

2N5475 

2 N 5476 

Ivfsl 

60 

90 

120 

160 

200 

260 

180 

225 

300 

400 

500 

650 

Mmhos 

Output Admittance (1) 

IVosI 



/umhos 

(V DS = -15 Vdc, V GS = 0,f = 1.0 kHz) 2N5471 


- 

1.0 


2N5472 


- 

1.0 


2N5473 


- 

2.5 


2N5474 


- 

2.5 


2N5475 


- 

5.0 


2N5476 


- 

10 


Input Capacitance 

^iss 

- 

5.0 

pF 

(V D s = -15 Vdc, V GS = 0, 140 kHz < f <1.0 MHz) 





Reverse Transfer Capacitance 

Crss 

- 

1.0 

PF 

(V DS = -15 Vdc, V GS = 0, 140 kHz < f <1.0 MHz) 





Common-Source Noise Figure 

NF 

- 

2.5 

dB 

(V DS = -15 Vdc, V GS = 0, R s = 1.0 Megohm, 





f = 1.0kHz, BW= 1.0Hz) 





Equivalent Short-Circuit Input Noise Voltage 

e n 

~ 

110 

nV/yiHz" 

< V DS = -15 Vdc, V G S = °. f= 1.0 kHz, BW = 1.0 Hz) 






(1) Pulse Test: Pulse Width <[630 ms, Duty Cycle <2.0%. 
•Indicates JEDEC Registered Data. 
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2N5471 thru 2N5476 (continued) 


TYPICAL SMALL-SIGNAL CHARACTERISTICS 

^channel = 25°C) 


FIGURE 1 - FORWARD TRANSFER ADMITTANCE 


FIGURE 2 - CAPACITANCE 
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VqS, DRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 3- EFFECTS OF FREQUENCY 


FIGURE 4 - EFFECTS OF SOURCE RESISTANCE 
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FIGURE 5 - LOW FREQUENCY CIRCUIT MODEL 
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2N5471 thru 2N5476 (continued) 


TYPICAL LIMIT TRANSFER CHARACTERISTICS 

(TEMPERATURES NOTED ARE T channe |) 


0| \ 1 

FIGURE 6 - 

1 1 1 

2N5471 

1 

— 





ISmS 

mm 

B 

B 

B 

B 

mm 

a 

a 

B 

— 






d 

B| ygj 








immm 



d 

d 

d 

m i 

d 

■ 

■ 

d 

H 

MU 



d 


d 

d 

■ 

■ 

d 

sss 

KMIS 

lifbSWSB 


1 

s 



— 

:: 



isms 

SiSi 


5 







— ■ 

\mmm 


= 

— 

H 




1^; 

= 



FIGURE 7 - 2N5472 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Vgs. GATE-SOURCE VOLTAGE (VO LTS) 


0 0.2 0.4 0.6 0.8 1.0 

v G s, gate-source voltage (volts) 


FIGURE 8 - 2N5473 


FIGURE 9 - 2N5474 





vqs, gate-source voltage (volts) 


vgs, gate-source voltage (volts) 


FIGURE 10 - 2N5475 


FIGURE 11 - 2N5476 


-55° Vqs = 15 V 



iSS'l 




vgs, gate-source voltage (volts) 


vgs, gate-source voltage (volts) 








2n5484 (SILICON) 


thru 

2n5486 


N-channel depletion mode (Type A) junction field- 
effect transistors designed for VHF/UHF amplifier ap- 
plications. 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

V DG 

25 

Vdc 

Reverse Gate-Source Voltage 

V GS(r) 

25 

Vdc 

Drain Current 

! d 

30 

mAdc 

Forward Gate Current 

! G(f) 

10 

mAdc 

Total Device Dissipation @T C = 25° C 

P (1) 

D 

310 

mW 

Derate above 25° C 

2.82 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +150 

°C 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pp = 1 .0 W <§> Tq = 25°C, 
Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 0 JC = 125° C/W. 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(I G = -1.0 MAdc, V DS = 0) 

V (BR)GSS 

25 

- 

- 

Vdc 

Gate-Source Cutoff Voltage 


V GS(off) 




Vdc 

(V Dg = 15 Vdc, I D = 10 nAdc) 

2N5484 

0.3 

- 

3.0 


2N5485 


0.5 

- 

4.0 



2N5486 


2.0 

- 

6.0 


Gate Reverse Current 


! gss 


i 


nAdc 

< V GS = - 20VdC ’ V DS = °> 


- 

- 

1.0 


(V GS = -2°Vdc, V Dg = 0, T a = 100“C) 

; 


i 

- 

0.2 

1 

juAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 


! dss 




mAdc 

< V DS = 15 Vdc ’ V GS = 0) 

2N5484 

1.0 


5. 0 


2N5485 


4.0 

- 

10 



2N5486 


8.0 

- 

20 
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2N5484 thru 2N5486 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance 


l y £sl 




jumhos 

(V DS = 15 Vdc, V GS =0, f = 1. 0 kHz) 

2N5484 

3000 

- 

6000 


2N5485 


3500 

- 

7000 



2N5486 


4000 

' 

8000 


Forward Transconductance 


Re(y fs ) 




jumhos 

(V Dg = 15 Vdc, V Gg = 0, f = 100 MHz) 

2N5484 

2500 

" 

- 


(V Dg = 15 Vdc, V Gg = 0, f = 400 MHz) 

2N5485 


3000 

- 

- 


2N5486 


3500 

- 

- 


Output Admittance 


i y osl 




jumhos 

(V Dg = 15 Vdc, V GS =0, f = 1. 0 kHz) 

2N5484 

2N5485 


' 


50 

60 



2N5486 



- 

75 


Output Conductance 


Re ( y os ) 




/i mhos 

(V~ 0 = 15 Vdc, V„ e = 0, f = 100 MHz) 

Do Uo 

2N5484 

- 

" 

75 


(V DS = 15 Vdc, V Gg = 0, f = 400 MHz) 

2N5485, 2N5486 


_ 

- 

100 


Input Conductance 


Re ( y is> 




/i mhos 

(V DS = 15 Vdc, V GS = 0, f = 100 MHz) 

2N5484 


“ 

- 

100 


(V Dg = 15 Vdc, V Gg = 0, f = 400 MHz) 

2N5485, 2N5486 


- 

- 

1000 


Input Capacitance 


C. 




pF 

(V DS = 15 Vdc, V GS = 0, f = 1. 0 MHz) 



- 

~ 

5.0 


Reverse Transfer Capacitance 


C 




pF 

(V^ 0 = 15 Vdc, V^ c =0, f = 1. 0 MHz) 

Do (jro 



- 


1.0 


Output Capacitance 


C 

OSS 




pF 

(V Dg = 15 Vdc, V Gg = 0, f = 1. 0 MHz) 




2.0 


Common-Source Noise Figure 


NF 




dB 

(V^ = 15 Vdc, V^ 0 = 0, R = 1.0 Megohm, f = 1.0 kHz) 

Do Cjo (jt 

All Types 


- 


2. 5 


(Vpg = 15 Vdc, Ip = 1.0 mAdc, R G ~ 1. 0 k ohm, 

2N5484 


- 


3.0 


f = 100 MHz) 







(V DS = 15 Vdc, I D = 1.0 mAdc, R Q « 1. 0 k ohm, 

2N5484 


_ 

4.0 

- 


f = 200 MHz) 

( V Ds = 15 Vdc, I D = 4. 0 mAdc, R Q » 1. 0 k ohm, 

2N5485, 2N5486 


_ 

_ 

2.0 


f = 100 MHz) 

(Vpg = 15 Vdc, Ip = 4. 0 mAdc, R Q ~ 1.0 k ohm, 

2N5485, 2N5486 


_ 

. 

4. 0 


f = 400 MHz) 







Insertion Power Gain 


G 




dB 

(Vpg = 15 Vdc, I D = 1.0 mAdc, f = 100 MHz) 

2N5484 

ps 

16 ! 

- 

25 


(Vpg = 15 Vdc, I D = 1.0 mAdc, f = 200 MHz) 

2N5484 


- 

14 

- 


(Vpg = 15 Vdc, Ip = 4. 0 mAdc, f = 100 MHz) 

2N5485, 2N5486 


18 ! 

- 

30 


(Vpg = 15 Vdc, Ip = 4. 0 mAdc, f = 400 MHz) 

2N5485, 2N5486 


10 1 

- 

20 



FIGURE 1 - 100 MHz AND 400 MHz NEUTRALIZED AMPLIFIER 


r “ --“77.“.“ ■ 



NOTE: 

The noise source is a hot-cold body 
(AIL type 70 or equivalent) with a 
test receiver (AIL type 136 or 
equivalent). 


ADJUST V Gg FOR 
I D = 5. 0 mA 
V Gg < 0 VOLTS 


Reference 

Designation 

VALUE 1 

100 MHz 

400 MHz 

C 1 

1-12 pF 

0. 8-8. 0 pF 

C 2 

1000 pF 

27 pF 

c 3 

1-12 pF 

0. 8-8. 0 pF 

C 4 

1-12 pF 

0. 8-8.0 pF 

C 5 

1-12 pF 

0. 8-8.0 pF 

C 6 

0. 0015 pF 

0.001 pF 

C 7 

0.0015 pF 

0.001 pF 

L 1 

3.0 pH* 

0. 2 pH** 


0.25 pH* 

0.03 pH** 

L 3 

0. 14 pH* 

0. 022 pH** 


* Lj 17 turns (approximately - depending upon circuit layout), 
AWG #28 enameled copper wire, close wound on 9/32" 
ceramic coil form. Tuning provided by a powdered 
iron slug. 

L 2 4 1/2 turns, AWG #18 enameled copper wire, 5/16" long, 
3/8" I. D. (AIR CORE). 

L„ 3 1/2 turns, AWG #18 enameled copper wire, 1/4" long, 
3/8" I. D. (AIR CORE). 


Lj 6 turns (approximately - depending upon circuit layout), 

AWG #24 enameled copper wire, close wound on 7/32" 
ceramic coil form. Tuning provided by an aluminum 
slug. 

L,j 1 turn, AWG #16 enameled copper wire, 3/8" I. D. (AIR CORE). 
Lg 1/2 turn, AWG #16 enameled copper wire, 1/4" I. D. (AIR CORE). 
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2n5550 (SILICON) 
2n5551 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for general-purpose, high-voltage amplifier applications. 


High Voltage Ratings — 

BV C EO = 140 and 160 Vdc (Min) 

Low Collector-Emitter Saturation Voltage 

VCE(sat) = 0-25 Vdc (Max) @ l C = 50 mA - 2N5550 
= 0.20 Vdc (Max) @ l c = 50 mA - 2N5551 
Current Gain Specified from 1.0 mAdc to 50 mAdc 
Excellent for Nixie® Driver Applications 


^MAXIMUM RATINGS 

Rating 

Symbol 

2N5550 

2N5551 

Unit 

Collector-Emitter Voltage 

v CEO 

140 

160 

Vdc 

Collector-Base Voltage 

V CB 

160 

180 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

6.0 

Vdc 

Collector Current — Continuous 

*C 

600 

mAdc 

Total Power Dissipation @ T/\ = 25°C 

P D 


350 


mW 

Derate above 25°C 



2.8 


mW/°C 

Total Power Dissipation @ Tc= 25°C 

p D 


1.0 


Watt 

Derate above 25°C 



8.0 


mW/°C 

Operating and Storage Junction 

Tj.T st g 


-55 to +150 


°c 

Temperature Range 







THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RAJA* 1 * 

357 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

125 

°c/w 

indicates JEDEC Registered Data 







(1) Raja is measured with the device soldered into a typical printed circuit board. j 

®Trademark of Burroughs Corporation. 








HIGH VOLTAGE 
NPN SILICON 

AMPLIFIER TRANSISTORS 



PLANE 



— A- 


1 


r 

c 

/n ~ 

p i 
i t 



_ F | 

I 



K 

D — 

|h 



*- 


f— 

-L 


STYLE 1- 

PIN 1 EMITTER 
2 BASE 


Q 

1 

,_L 

’12 3’ 

o o o- 

H 

L B 

U7 

trr 



MILLIMETERS 

INCHES 

DIM 

MIN 1 MAX 

MIN 

MAX 

A 

4.450 ! 5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

72.700 

- 

6.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

_ 

0.250 

- 

Q 

3.430 

_ 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 ! 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 


2-178 




2N5550, 2N5551 (continued) 


* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 


bvceo 



Vdc 

(l c = 1.0 mAdc, l B - 0) 

2N5550 


140 

- 



2N5551 


160 

- 


Collector-Base Breakdown Voltage 


BVcbO 



Vdc 

(l C = 100 M Adc. I E -0) 

2N5550 


160 

- 



2N5551 

, 

180 

- 


Emitter-Base Breakdown Voltage 


BV EBO 



Vdc 

{l E = 1 0 juAdc, l c = 0) 



6.0 

- 


Collector Cutoff Current 


'CBO 



nAdc 

(V CB = 100 Vdc, l E = 0) 

2N5550 


- 

100 


(V C b= 120 Vdc, l E = 0) 

2N5551 


- 

50 


(V CB = 100 Vdc, l E = 0, T A = 100°C) 

2N5550 


- 

100 

juAdc 

(V C B = 120 Vdc, l E = 0, T A = 100°C) 

2N5551 


- 

50 


Emitter Cutoff Current 


'EBO 



nAdc 

(V EB =4.0 Vdc, Iq = 0) 



- 

50 



ON CHARACTERISTICS (1) 


DC Current Gain 
(l c = 1.0 mAdc, V C e = 5.0 Vdc) 

(l c = 10 mAdc, V CE = 5.0 Vdc) 

(l C = 50 mAdc, V C e = 5.0 Vdc) 

2N5550 

2N5551 

2N5550 

2N5551 

2N5550 

2N5551 

h F £ 

60 

80 

60 

80 

20 

30 

250 

250 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(Iq = 10 mAdc, l B = 1.0 mAdc) 

Both Types 


- 

0.15 


(lc = 50 mAdc, l B = 5.0 mAdc) 

2N5550 


- 

0.25 



2N5551 


- 

0.20 


Base-Emitter Saturation Voltage 


v BE(sat) 



Vdc 

(lc = 10 mAdc, 1 b = 1.0 mAdc) 

Both Types 


- 

1.0 


Oc = 50 mAdc, l B = 5.0 mAdc) 

2N5550 


- 

1.2 



2N5551 



10 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 10 mAdc, V C E = 10 Vdc, f =100 MHz) 

fT ’ 

100 

300 

MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

_ 

6.0 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, lc - 0, f = 1 .0 MHz) 2N5550 

2N5551 

Cib 

- 

30 

20 

pF 

Small-Signal Current Gain 
(lc = 10 mAdc, V C e - 10 Vdc, f = 1 .0 kHz) 

hfe 

50 

200 

~ 

Noise Figure 

(l C = 250 juAdc, V C e = 5.0 Vdc, R s = 1.0 k ohm. 2N5550 

f= 10 Hz to 15.7 kHz) 2N5551 

NF 

- 

10 

8.0 

dB 


•Indicates JE DEC Registered Data 
( 1 ) Pulse Test: Pulse Width = 300 jus. Duty Cycle = 2.0% 
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2N5550, 2N5551 (continued) 


FIGURE 4 - "ON" VOLTAGES FIGURE 5 - TEMPERATURE COEFFICIENTS 









2N5555 (SILICON) 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 


N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTOR 


Depletion Mode (Type A) Junction Field-Effect Transistor designed 
for high-speed switching applications. 


• Low Drain-Source "On" Resistance — 

r ds(on) = 1 50 Ohms (Max) 

• Low Reverse Transfer Capacitance — 

C rss = 1.2 pF (Max) @f = 1.0 MHz 

• Fast Turn-On Time — t( 0 n) = 10 ns (Max) 



SEATING^ P 1 
PLANE t 


MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate -Source Voltage 

Forward Gate Current 

Total Device Dissipation @T_ = 25° C 
Derate above 25° C 

Operating Junction Temperature Range 
Storage Temperature Range 


Symbol Value Unit 


310 mW 

2.82 mW/°C 

-65 to +175 *C 

-65 to +150 °C 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: P D = 1.0 W @ T c = 25°C, Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 
6 JC = 1 25°C/W . 


STYLE 5- 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 


MILLIMETERS 
MIN MAX 

4.450 5.200 

INCHES 
MIN MAX 
0.175 0.205 

3.180 

4.190 

0.125 

0.165 

4.320 

5.330 

0.170 

0.210 

0.407 

0.533 

0.016 

0.021 

0.407 

0.482 

0.016 

0.019 

12.700 

- 

0.560 

- 

1.150 

1.390 

1.270 

0.045 

0.055 

0.050 

6.350 

0.250 

3.430 


0.135 

- 

2.410 

2.670 

0.095 

0.105 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5555 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 

(I G = 10 nAdc, V Dg - 0) 

V (BR)GSS 

25 

— 

Vdc 

Gate Reverse Current 

r GSS 



nAdc 

< V GS = 15Vdc ' V DS =0) 

- 

1 . 0 


Drain Cutoff Current 

r D(off) 



nAdc 

(V DS = 12 Vdc, V GS = 10 Vdc) 

- 

10 


(V Dg = 12 Vdc, V GS = 10 Vdc, T A = 100° C) 


- 

2.0 

juAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current I 1 ' 

(V DS = 15V d c, V GS = 0) 

^SS 

15 

- 

mAdc 

Gate -Source Forward Voltage 
(I G(f) = 1,0 mAdc ’ V DS =0) 

V GS(f) 

- 

1. 0 

Vdc 

Drain-Source "ON" Voltage 
(^ = 7.0 mAdc, V QS = 0) 

V DS(on) 

- 

1. 5 

Vdc 

Static Drain-Source "ON" Resistance 
(Ij) = 0. 1 mAdc, V Gg = 0) 

r DS(on) 

- 

150 

Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Drain-Source "ON” Resistance 
(V Gg = 0, ^ = 0, f = 1. 0 kHz) 

r ds(on) 

- 

150 

Ohms 

Input Capacitance 

(V Dg = 15 Vdc, V Gg =0, f = 1. 0 MHz) 

C. 

1SS 

- 

5.0 

pF 

Reverse Transfer Capacitance 
(V Dg = 0, V Qg = 10 Vdc, f = 1. 0 MHz) 

C 

rss 

- 

1.2 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 

( V DD= 10Vdc > I D(on) =7 - 0mAdC > 

^(on) 

- 

5.0 

ns 

Rise Time 

V GS(on)=°> V GS(o«) =- 10Vdc > 

(See Figure 1) 

t 

r 

- 

5.0 

ns 

Turn-Off Delay Time 

i 

< V DD = 10Vdc > I D(on) =7 -° mAdC - 

^(off) 

- 

15 

ns 

Fall Time 

V GS(on) = °’ V GS(off) = ' 10 Vdc * 

(See Figure 1) 

‘f 

- 

10 

ns 


Pulse Test: Pulse Width < 300 fi s, Duty Cycle< 3. 0%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
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2N5556 (SILICON) 

thru 

2n5558 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 


Depletion Mode (Type A) devices designed for low-noise amplifier 
applications. 

• Low Noise Figure — NF = 1 .0 dB (Max) @ 100 Hz 

• Low Gate Leakage Current — IqSS = 0.1 nAdc (Max) 

• Low Input Capacitance — Cjss = 6.0 pF (Max) 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

30 

Vdc 

Drain-Gate Voltage 

V DG 

30 

Vdc 

Gate -Source Voltage 

V GS 

30 

Vdc 

Forward Gate Current 

! G(f) 

10 

mAde 

Total Device Dissipation @T A = 25° C 

p n 

300 

mW 

Derate above 25° C 


2.0 

mW/°C 

Operating Junction Temperature Range 

t j 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


FIGURE 1 - EQUIVALENT LOW FREQUENCY CIRCUIT 
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2N5556 thru 2N5558 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Gate -Source Breakdown Voltage 
(I G = -10 fiAdc, V Dg =0) 

V (BR)GSS 

30 

- 

- 

Vdc 

Gate -Source Cutoff Voltage 
(V DS = 15 Vdc, I D = 1.0 nAdc) 

2N5556 

V GS(off) 

0. 2 


4.0 

Vdc 

2N5557 


0. 8 

- 

5.0 



2N5558 


1. 5 

- 

6.0 


Gate Reverse Current 


X GSS 




nAdc 

< V GS = - 15VdC ’ V DS=°> 


- 

- 

- 0 . 1 


< V GS = - 15 VdC ’ V DS =0 ' T a = 150 ° C ) 



- 


-100 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (1) 


^SS 



— 

mAdc 

< V DS = ,5Vdc ’ V GS =0) 

2N5556 

0.5 

- 

2.5 


2N5557 


2.0 

- 

5. 0 



2N5558 


4.0 


10 



DYNAMIC CHARACTERISTICS 


Forward Transadmittance 
(V Dg - 15 Vdc, V Gg =0, f = 1. 0 kHz) 

| y fsl 

1500 

3500 

6500 

jLtmhos 

Output Admittance 

(V DS = 15 Vdc, V Gg = 0, f = 1. 0 kHz) 

l y osl 

- 

- 

20 

H mhos 

Input Capacitance 

(V DS = 15 Vdc, V Gg = 0, f = 1. 0 MHz) 

C iss 

- 

4.5 

6. 0 

pF 

Reverse Transfer Capacitance 
(V Dg = 15 Vdc, V GS =0, f = 1. 0 MHz) 

c 

rss 

- 

1.2 

3.0 

pF 

Noise Figure 

(V_. c = 15 Vdc, V = 0, R =500 k ohms, 

NF 

. 

. 

1.0 

dB 

f = 10 Hz, BW = 1.0 Hz) 






(V Dg = 15 Vdc, V QS = 0, R g = 100 k ohms, 


- 

- 

1.0 


f = 100 Hz, BW = 1.0 Hz) 






Equivalent Input Noise Voltage 
( V Dg = 15 Vdc, V GS = 0, f = 10 Hz, BW = 1. 0 Hz) 

e 

n 

_ 

20 

35 

nV/v/Hz 

(V DS = 15 Vdc ’ V GS = °» f = 100 Hz * BW = 1. 0 Hz) 


- 

10 

20 



(1> Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10%. 
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2N 5571 thru 2N 5574 (SILICON) 
™6145 thru 2 n6147 
MAC40797, MAC40798 



\4 




SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup- 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled solid- 
state devices are needed. 

• All Diffused and Passivated Junctions for Greater Stability 

• Pressfit, Stud and Isolated Stud Packages 

• Gate Triggering Guaranteed In All 4 Quadrants 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

* Repetitive Peak Off-State Voltage (1) 

V DRM 


Volts 

(Tj = -65 to +125°C) 

and 



1/2 Sine Wave 50 to 60 Hz, Gate Open 

V RRM 



2N5571 , 2N5573, 2N6145 


200 


2N5572, 2N5574, 2N6146 


400 


MAC40797, MAC40798. 2N6147 


600 


’Peak Gate Voltage 

V GM 

10 

Volts 

*On-State Current RMS 

'T(RMS) 


Amp 

(T C = -65 to +80°C) 


15 


(T c = +85°C) 


10 


’Peak Surge Current 

! tsm 


Amp 

(One Full cycle of surge current at 60 Hz, 


100 


preceeded and followed by 15 A current, 




T C = +80° C) 




Circuit Fusing Considerations 

|2 t 


A 2 s 

(T c = -65 to +80°C,t = 1.0 to 8.3 ms) 


40 

1 


’Peak Gate Power (2) 

P GM 


Watts 

(T c = +80°C, Pulse Width = 2.0 M s) 


20 


’Average Gate Power 

Pq(AV) 


Watt 

(Tc = +80°C, Pulse Width = 8.3 ms) 


0.5 


’Peak Gate Current 

>gm 

2.0 

Amp 

’Operating Junction Temperature Range 

Tj 

-65 to +100 

°C 

’Storage Temperature Range 

T stg 

-65 to +150 

°C 

’Stud Torque 

- 


in. lb. 

2N5573, 2N5574 


30 


2N6145, 2N6146, 2N6147 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

’Thermal Resistance, Junction to Case 
1 

R0JC 

1.0 

°C/W 


* Indicates JEDEC Registered Data. 

(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested with a 
constant current source for blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 

(2) 2N5571 thru 2N5574, P GM Rating = 16 Watts. 


TRIACS 

(THYRISTORS) 

15 AMPERES RMS 
200-600 VOLTS 
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2N5571 thru 2N5574, 2N6145 thru 2N6147, MAC40797, MAC40798 (continued) 


ELECTRICAL CHARACTERISTICS <Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Blocking Current (Either Direction) 

•drm 




mA 

Rated V DRM @ T C = 100°C 

- 

- 

2.0 


*On-State Voltage (Either Direction) 

V TM 




Volts 

IjM = 21 A Peak, Pulse Width = 1 .0 to 2.0 ms. Duty Cycle <2.0% 

- 

1.3 

1.8 


Gate T rigger Current, Continuous dc ( 1 ) 

Main Terminal Voltage =12 Vdc, Rj_ = 30 ohms 

MT2 (+), G(+); MT2(-), G(-) 

»GT 


_ 

50 

mA 


MT2 (+), G(-); MT2(-),G(+) 


- 

— 

80 


*MT2 (+), G(+); MT2(-), G(-) T c = -65°C 


_ 


150 


*MT2 (+), G(-); MT2(-), G(+) T c = -65°C 


- 

- 

200 


Gate Trigger Voltage, Continuous dc (All Quadrants) 

Main Terminal Voltage = 12 Vdc, R[_ = 30 ohms 

V GT 




Volts 

T C = 25°C 


_ 

_ 

2.5 


*T C = -65°C 


- 

- 

4.0 


•Main Terminal Voltage = Rated Vqrm, r L = 10 k ohms, T c = +100°C 


0.2 

- 

- 


Holding Current 

'H 




mA 

Main Terminal Voltage = 12 Vdc, Gate Open 

Initiating Current = 500 mA 






T c = 25°C 


_ 

_ 

75 


*Tq = -65°C 


- 

- 

300 


*Turn-On Time 





MS 

Rated Vqrm , Ijm = 21 A Peak, 

_ 

1.0 

2.0 

Iqt = 160 m A, Rise Time = 0.1 ms, Pulse Width = 2.0 jus 






•Critical Rate-of-Rise of Commutation Voltage 

dv/dt 




V/ms 

Rated Vqrm. ItM = 21 A Peak, Commutating 





di/dt = 8 A/ms, gate unenergized 






T c = 80°C 2N5571 thru 2N5574, MAC40797, MAC40798 


2.0 

10 

_ 


T C = 75°C 2N6145 thru 2N6147 


2.0 

10 

- 


•Critical Rate-of-Rise of Off -State Voltage 

dv/dt 




V/ms 

Rated Vqrm, Exponential Voltage Rise, Gate Open, 






T c = 100°C: 






2N5571, 2N5573, 2N6145 


30 

. 

150 



2N5572, 2N5574, 2N6146 


20 

100 

- 


MAC40797, MAC40798, 2N6147 

. 

10 

75 

- 



•Indicates JEDEC Registered Data. 

( 1 ) A 1 1 Voltage polarity reference to main terminal 1. 


QUADRANT DEFINITIONS 
MT2(+) 


QUADRANT II 

QUADRANT ! 

MT2(+), G (-) 

MT2(+), G(+) 

QUADRANT III 

QUADRANT IV 

MT2(~), G(-) 

MT2(~), G(+) 

i 


Trigger devices are recommended for gating on Triacs. They provide: 

1. Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and reliable operation. 


ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 


USAGE 

General 

Lamp Dimmer 

PART NUMBER 

MBS4991 

MBS4992 

MBS 100 

v s 

6.0 - 10 V 

7.5 -9.0 V 

3.0 - 5.0 V 

•s 

350 mA Max 

120 mA Max 

100-400 mA 

Vsi - V S 2 

0.5 V Max 

0.2 V Max 

0.35 V Max 

Temperature Coefficient = 0.02%/°C Typ | 


See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 


MT2(-) 
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-20 0 20 40 60 80 100 


120 


Tj, JUNCTION TEMPERATURE (°C) 


IqT, GATE TRIGGER CURRENT (mA) P (AV ), AVERAGE POWER (WATTS) T C , CASE TEMPERATURE (°C) 



Tj, JUNCTION TEMPERATURE (°C) 














2N5571 thru 2N5574, 2N6145 thru 2N6147, MAC40797, MAC40798 (continued) 


TERM. 1. MT1 

2. GATE 

3. MT2 



Q__ \ J- 


k i 1 jfflrr^i 

[ e yiiiiiiiiiinijr j c 

ss n-— tt"T 

MAC 40797 |— - A 


MILLIMETERS INCHES 

DIM MIN MAX ~Mm~T MAX 

A . 12.726 1 2.827 0,501 0,505 

B 11,811 12.065 0.465 0,475 

C 8.39 9.65 0.330 0.380 

E 2.54 ~ 0.10Q 

F 0.89 1.72 0.035 0.068 

J 2.04 2.46 0.080 0.097 

K - 20.32 ~ 0.800 

N - 12.95 - 0,510 

Q 1.66 2 28 0.065 0.090 

All JEDEC dimensions and notes apply 

CASE 174-02 
TO-203AA 



h R 

vf r H . 


STYLE 2: 

PIN 1. MAIN TERMINAL 1 

2. GATE , 

3. MAIN TERMINAL 2 

STUD-ISOLATED jfl 


2N5573 

2N5574 

MAC40798 



2N6145 

2N6146 

2N6147 



WllimetersI 

DIM 

MIN 

MAX 

A 

15.34 

15.60 

B 

14.00 

14.20 

C 

20.70 

24.13 

F 

1.40 

1.65 

H 

2.29 

REF 

J 

IF 

11.56 

K 

9.78 1 

10.54 

L 

6.99 

7.75 

Q 

2.03 

2.41 

R 

• 1.65 1 

REF 

T 

12.70 

mr 



n 

JU 

T 

j 

i 

= 



MILLIMETERS 
MIN 1 MAX 

INCHES 
MIN I MAX 

14.00 

14.20 

0.551 

0.559 

12.73 

12.83 

0.501 

0.505 

- . 

26.16 

- 

1.030 

2.03 

2.41 

0.080 

0 095 

- 

6.48 

- 

0.255 

2.16 

2.41 

0.085 

0.095 

10.67 

11.56 

0.420 

0.455 

9.78 

6.99 

10.54 

7.75 

0.385 

0.275 

0.415 

0.305 

6.48 

6.99 

0.255 

0.275 

3.43 

3.81 

0.135 

0.150 

1.52 

1.78 

0.060 

0.070 

1.40 

1.65 

0.055 

0.065 


2 N 5581 , 2 n 5582 (SILICON) 


For Specifications, See 2N221 8S,AS Data, Volume I. 
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2n5583 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for applications in high frequency amplifiers and non- 
saturated switching circuits. Large signal capabilities, low-noise and 
high gain-bandwidth product characteristics of the 2N5583 provide 
excellent performance in a variety of small signal and linear amplifier 
applications. Ideal for C A T V circuits. 


• High Current-Gain— Bandwidth Product — 
fj = 1300 (Min) @ lc = 100 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

* Collector-Emitter Voltage 

v CEO 

30 

Vdc 

* Collector-Base Voltage 

V CB 

30 

Vdc 

* Emitter-Base Voltage 

V EB 

3.0 

Vdc 

* Collector Current - Continuous 

'c 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

* Total Device Dissipation @Tc = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

"■Operating and Storage Junction 
Temperature Range 

Tj,T stg 

-65 to +200 

°C 

"Indicates JEDEC Registered Data. 





PNP SILICON 
AMPLIFIER 
TRANSISTOR 



STYLE 1: 

PIN 1. EMITTER r R 

2. BASE 

3. COLLECTOR 


rR 


53 


T 1 t 

-Fj_ K 


-JU- D 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° N0M 

45° l\ 

0M 

P 


1.27 

- 

0.050 

Q 

90° N0M 

90° l\ 

OM 

R 

2.54 

- 

0.100 

- 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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2N5583 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



Figure 





Characteristic 

No. 

Symbol 

Min 

Max 

Unit 


"OFF CHARACTEmSTICS 


Collector-Emitter Breakdown Voltage (1) 

(Iq = 10 mAdc, l B = 0) 

- 

bv CEO 

30 


Vdc 

Collector-Base Breakdown Voltage 
(Iq - 10 /uAdc, l E = 0) 

- 

BVqbo 

30 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100/itAdc, l C = 0) 

- 

BVeBO 

3.0 


Vdc 

Collector Cutoff Current 
(V CB = 20 Vdc, l E = 0) 

4 

>CBO 

- 

50 

nAdc 

Emitter Cutoff Current 
(V EB = 2.0 Vdc, Iq = 0) 

— 

'EBO 

— 

0.5 

juAdc 


*ON CHARACTERISTICS (D 


DC Current Gain 
(l C = 40 mAdc, V CE = 2.0 Vdc) 

(l c = 100 mAdc, V CE = 2.0 Vdc) 

(Iq = 300 mAdc, V CE = 5.0 Vdc) 

1 

h FE 

20 

25 

15 

100 


Collector-Emitter Saturation Voltage 
(Iq = 100 mAdc, l B = 10 mAdc) 

2,3 

VcE(sat) 

- 

0.8 

Vdc 

Base-Emitter On Voltage 
( 1 c = 1 00 mAdc, V CE = 2.0 Vdc) 

3 

VBE(on) 

- 

1.8 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


"Current-Gain— Bandwidth Product 

(Iq = 40 mAdc, V CE = 10 Vdc, f = 100 MHz) 

(Iq = 100 mAdc, V CE = 10 Vdc, f = 100 MHz) 

7 

fT 

1000 

1300 

- 

MHz 

"Collector-Base Capacitance 

(V CB = 15 Vdc, l E = 0, f = 100 kHz) 

5 

Ccb 

- 

5.0 

pF 

"Emitter-Base Capacitance 

(V EB = 0.5 Vdc, Iq = 0, f = 100 kHz) 

5 

! 

^eb 

- 

35 

pF 


* Indicates JE DEC Registered Data. 

(1) Pulse Test: Pulse Width <. 300 Duty Cycle = 2.0%. 
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C, CAPACITANCE (pF) V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 
















2n5589 (SILICON) 


NPN SILICON RF POWER TRANSISTOR 


. . . designed for 13.6 volt, VHF large signal power amplifier applica- 
tions required in military and industrial equipment operating to 
240 MHz. 

• Low lead inductance stripline package for easier design and increased 

broadband capability. 

• Balanced Emitter Construction for increased Safe Operating Area. 

The 2N5589 is designed to withstand an Open or Shorted Load 
at rated Output Power. 

• Specified 13.6 Volt, 175 MHz Characteristics — 

Output Power = 3.0 Watts 
Minimum Gain = 8.2 dB 
Efficiency = 50% 


"MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

V CB 

36 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

0:6 

Adc 

Total Device Dissipation @ = 25°C 

PD 

15 

Watts 

Derate above 25°C 


86 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 


Temperature Range 


’Indicates JE DEC Registered Data. 
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NPN SILICON 
RF POWER 
TRANSISTOR 




2N5589 (continued) 


“ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) 

(l C = 200 mAdc, 1 B == 0) 

BVCEO 

18 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage (Note 1) 

(l C = 200 mAdc, V BE = 0) 

BVcES 

36 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, 1 c ~ 0) 

BV E bo 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B = 15 Vdc, l E = 0) 

•CBO 

- 

- 

1.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l C = 100 mAdc, V C £ = 5.0 Vdc) 

hFE 

5.0 

- 

- 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

C 0 b 

- 

15 

30 

pF 

(V C b = 15 Vdc, l E = 0, f = 0.1 to 1.0 MHz) 







FUNCTIONAL TEST 


Power Input (Figure 1) 

(P 0 ut = 3.0 W, V C E = 13.6 Vdc, f = 175 MHz) 

p in 

— 

0.35 

0.45 

Watt 

Common-Emitter Amplifier Power Gain (Figure 1) 
(P out = 3.0 W, V CE = 13.6 Vdc, f = 175 MHz) 

Gpe 

8.2 

— 

~ 

dB 

Collector Efficiency (Figure 1) 

(Pout = 3.0 W, V C E = 13.6 Vdc, f = 175 MHz) 

V 

50 

— 

~ 

% 


* Indicates JE DEC Registered Data. 

Note 1 : Pulsed through 25 mH inductor. 


FIGURE 1 - 175 MHz TEST CIRCUIT 



All capacitance values in pF unless otherwise indicated 

LI - 1-3/8" length of #14 AWG Wire 

L2 - 2 Turns #16 AWG Wire, 1/4” Dia. 1-1/2" Long 
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Rjn, INPUT RESISTANCE (OHMS) p out( p 0WER OUTPUT (WATTS) Pout. POWER OUTPUT (WATTS) 


2N5589 (continued) 












2n5590 (SILICON) 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for 13.6 volt, VHF large signal power amplifier applica- 
tions required in military and industrial equipment operating to 
240 MHz. 

• Low lead inductance stripline package for easier design and increased 

broadband capability. 

• Balanced Emitter Construction for increased Safe Operating Area. 

The 2N5590 is designed to withstand an Open or Shorted Load 
at rated Output Power. 

• Specified 13.6 Volt, 175 MHz Characteristics — 

Output Power = 10 Watts 
Minimum Gain = 5.2 dB 
Efficiency = 50% 


"MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

VCB 

36 

Vdc 

Emitter-Base Voltage 

v EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Device Dissipation @ = 25°C 

PD 

30 

Watts 

Derate above 25°C 


171 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 


'indicates JEDEC Registered Data. 


NPN SILICON 
RF POWER 
TRANSISTOR 




STYLE 1- 
PIN 1. EMITTER 
2. BASE 
'3. EMITTER 
4 COLLECTOR 



SEATING PLANE 


' jxt: 

WRENCH FLAT 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

N0M 

45° N0M 

P 

- 

1.27 

- 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE- 
CASE 145A-01 USE 8-1 

CASE 145A- 


32NC2A STUD 

01 


2-199 



2N5590 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS 

‘Collector-Emitter Sustaining Voltage (Note 1) 

(l C = 200 mAdc, l B = 0) 

VcEO(sus) 

18 

- 

- 

Vdc 

*Collector-Emitter Sustaining Voltage (Note 1) 

0c = 200 mAdc, R BE = 0) 

v CES(sus) 

36 

- 

- 

Vdc 

*Emitter-Base Breakdown Voltage 
(lE =2.5 mAdc, l c = 0) 

bvebo 

4.0 


— 

Vdc 

Collector Cutoff Current 
(V C B = 15 Vdc, l E = 0) 

*CBO 

- 

- 

1.0 


ON CHARACTERISTICS 

*DC Current Gain 

(l C = 250 mAdc, V C e = 5.0 Vdc) 


5.0 

~ 




DYNAMIC CHARACTERISTICS 


*Output Capacitance 

c ob 

- 

35 

70 

pF 

(Vcb = 15 Vdc, l E = 0,f = 0.1 to 1.0 MHz) 







FUNCTIONAL TEST 


*Power Input (Figure 1) 

(P ou t = 10 W, V C E = 13.6 Vdc, f = 175 MHz) 

Pin 

~ 

— 

3.0 

Watts 

* Common-Emitter Amplifier Power Gain (Figure 1) 

(P out = 10 W, V CE = 13.6 Vdc, f = 175 MHz) 

Gpe 

5.2 

- 

- 

dB 

Collector Efficiency (Figure 1) 

(Pout = 10 W, V C e = 13.6 Vdc, f = 175 MHz) 

T? 

50 

~ 


% 


‘Indicates JE DEC Registered Data. 

Note 1 : Pulsed through 25 mH inductor. 


FIGURE 1 - 175 MHz TEST CIRCUIT 



All capacitance values in pF unless otherwise indicated 

LI - 1-3/8" length of #14 AWG Wire 

L2 - 1 Turn #14 AWG Wire, 3/8" Dia. 1-1/2" Long 
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Rin, INPUT RESISTANCE (OHMS) P out , POWER OUTPUT (WATTS) Pout. POWER OUTPUT (WATTS) 










SERIES INPUT RESISTANCE (OHMS) C out , OUTPUT CAPACITANCE (pF) ± C| n , INPUT CAPACITANCE (pF) 


2N5590 (continued) 


PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 

FIGURE 8 FIGURE 9 




1 

Vcc=13.6 Vdc 

1 















5.0 W 



10 W' 






150 200 250 300 

f, FREQUENCY (MHz) 


150 200 250 

f, FREQUENCY (MHz) 


PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 

FIGURE 10 FIGURE 11 







Pout = 10W 










I 

Vcc = 

2.5 Vdc 

1 



1 



1 






■ 



1 


150 200 250 300 100 

f, FREQUENCY (MHz) 


150 200 250 

f, FREQUENCY (MHz) 


SERIES INPUT IMPEDANCE versus FREQUENCY 





Vcc = 1 

2.5 Vdc 




Pout = 5.0 W 





~ low ^ 




^ / / 
s' 















150 200 250 300 

f, FREQUENCY (MHz) 


150 200 250 

f, FREQUENCY (MHz) 






2n5591 (SILICON) 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for 13.6 volt, VHF large signal power amplifier applica- 
tions required in military and industrial equipment operating to 
240 MHz. 

• Low lead inductance stripline packagefor easierdesign and increased 

broadband capability. 

• Balanced Emitter Construction for increased Safe Operating Area. 

The 2N5591 is designed to withstand an Open or Shorted Load 
at rated Output Power. 

• Specified 13.6 Volt. 175 MHz Characteristics - 

Output Power = 25 Watts 
Minimum Gain = 4.4 dB 
Efficiency = 50% 


NPN SILICON 
RF POWER 
TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

V CB 

36 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

■c 

4.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

P D 

70 

Watts 

Derate above 25°C 


400 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J> T stg 

-65 to +200 

°C 


'indicates JEDEC Registered Data. 


FIGURE 1 - 175 MHz TEST CIRCUIT 



ALL CAPACITORS IN pF UNLESS OTHERWISE INDICATED 
LI - #14 AWG STRAIGHT WIRE, 1-3/8" LONG 
L2 - 1 TURN #14 AWG WIRE, 3/8" DIA. 1-1/2” LONG 


FIGURE 2 - POWER OUTPUT versus FREQUENCY 



STYLE 1. 

PIN 1. EMITTER 
2. BASE 





DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

“IT 1 

8.13 

8.38 

0.320 

0.330 

“TP 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

~b.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

~T1 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

N0M 

45° N0M 

P 

- 

1.27 

- 

0.050 

~R“1 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A-01 USE 8-32NC2A STUD 


CASE 145A-01 
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2N5591 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

* Collector-Emitter Sustaining Voltage (Note 1) 

(IC = 200 mAdc, l B = 0) 

v CEO(sus) 

18 

- 

- 

Vdc 

•Collector-Emitter Sustaining Voltage (Note 1) 

(IC = 200 mAdc, V BE = 0) 

v CES(sus) 

36 

- 

- 

Vdc 

♦Emitter-Base Breakdown Voltage 
(l E = 5.0 mAdc, Iq = 0) 

BV EBO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C b = 15 Vdc, l E = 0) 

•CBO 

— 

— 

1.0 

mAdc 

*ON CHARACTERISTICS 

DC Current Gain 

0C * 0.5 Adc, V C e - 5.0 Vdc) 

h FE 

5.0 

- 

- 

- 

* DYNAMIC CHARACTERISTICS 




Output Capacitance 

(V C b = 15 Vdc, l E = 0, f = 0.1 to 1.0 MHz) 

C 0 b 

— 

90 

120 

pF 


* FUNCTIONAL TEST 


Power Input (Figure 1) 

(P ou t = 25 W, V C E = 13-6 Vdc, f = 175 MHz) 

p in 

— 

- 

9.0 

Watts 

Common-Emitter Amplifier Power Gain (Figure 1 ) 
(Pout = 25 W, V C E = 13.6 Vdc, f = 175 MHz) 

Gp E 

4.4 

- 

- 

dB 

Collector Efficiency (Figure 1) 

(Pout = 25 W, V C E = 13.6 Vdc, f * 175 MHz) 

n 

50 


" 

% 


indicates JEOEC Registered Data. 

Note 1 : Pulsed through 25 mH inductor. 


FIGURE 3 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 



FIGURE 4 - PARALLEL EQUIVALENT INPUT 



100 150 200 250 300 

f, FREQUENCY (MHz) 


FIGURE 5 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 



FIGURE 6 - POWER OUTPUT versus POWER INPUT 


1 

Vci 

= 13.6 V 

dc 


















/^f = V7 

5 MHz 
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0 2.0 4.0 6.0 8.0 

Pin, POWER INPUT (WATTS) 
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2N 5629 (SILICON) 

2n5630 

2n 5631 


HIGH-VOLTAGE - HIGH POWER NPN TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 100 Vdc - 2N5629 
= 120 Vdc — 2N5630 
= 140 Vdc - 2N5631 

• High DC Current Gain — @ Iq = 8.0 Adc 

hpE = 25 (Min) - 2N5629 
= 20 (Min) - 2N5630 
= 15 (Min) - 2N5631 

• Low Col lector- Emitter Saturation Voltage — 

VcE(sat) = 10 Vdc (Max) @ lc = 10 Adc 

• Complement to PNP Transistor Series 2N6029, 2N6030, 2N6031 


•MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


Base Current - Continuous 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


VEB 


P D 


1 J' 1 stg 


2N5629 2N5630 2N5631 


-16- 

- 20 - 


- 200 - 
-1. 14- 


Watts 

W/°C 


°C 


•THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

0.875 

o 

0 

1 


Indicates JE DEC Registered Data. 



16 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

100-120-140 VOLTS 
200 WATTS 


1 - 1 



r 5 * 

f 1 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 


3.43 

... 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

1 5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to c 
CASE 11-01 
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2N5629, 2N5630, 2N5631 (continued) 


•ELECTRICAL CHARACTERISTICS (Tc = 25°c unless otherwise r 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage (1) 
(l C = 200mAdc, l B = 0) 


v CEO(sus) 


Collector-Emitter Cutoff Current 
(V CE = 50 Vdc, I B = 0) 

(V C E =60 Vdc, l B =0) 

(V CE = 70 Vdc, I b = 0) 

Collector-Emitter Cutoff Current 
(Vce = Rated Vq B , V EB ( 0 ff) =1.5 Vdc) 

(V C £ = Rated V CB , V EB ( off) =1.5 Vdc. T c = 150°C) 

Collector-Base Cutoff Current 
(Vce = Rated Vc B , Ie = 0) 

Emitter-Base Cutoff Current 
(V BE = 7.0 Vdc, l C = 0) 












2 N 5629 , 2 IM 5630 , 2 N 5631 (continued) 


FIGURE 4 - THERMAL RESPONSE 


1— a'ii'IrBwM— — — ■ aisssssaaa— m 




iSaasmHteg: 


>a#!Siagi 


0.01-1 1 

. SINGLE PULSE - 


DUTY CYCLE, D = tl/t2 
k) 


_0JC(t) = r(t)0Jc 4±tZZjZ 
_0JC = 0.875°C/W Max IN C 
_ D CURVES APPLY FOR P0WER_ 
PULSE TRAIN SHOWN 

- READ TIME AT ti 

— Tj(pk) - Tc = P(pk) 0JC(t) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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THERMALLY LIMITED@Tr = 25°C I 
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==CURVES APPLY BEL0W = = == = : 
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2N5630- 

E 

z 


2N5631 - 

1 1 

r 

~ 


50 7i 
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5.0 7.0 10 20 30 50 70 1 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k) < 200°C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE 


IBM! 


Pi 


mu 


0.7 1.0 2.0 3.0 5.0 7.0 10 

In, COLLECTOR CURRENT (AMP) 


2.0 5.0 10 20 

Vr, REVERSE VOLTAGE (VOLTS) 






Ic. COLLECTOR CURRENT <mA) V, VOLTAGE (VOLTS) h F £, DC CURRENT GAIN 


2N5629, 2N5630, 2N5631 (continued) 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 10 20 

IC, COLLECTOR CURRENT (AMP) 




0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 11 - TEMPERATURE COEFFICIENTS 



FIGURE 12 - COLLECTOR CUTOFF REGION 



-0.4 -0.3 -0.2 -0.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 +0.6 

Vbe. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 
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2n5632 (SILICON) 

2n5633 

2n5634 


HIGH VOLTAGE-HIGH-POWER 
NPN SILICON TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high-voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage - 

VcEO(sus) = 100 Vdc (Min) - 2N5632 
= 120 Vdc (Min) - 2N5633 
= 140 Vdc (Min) - 2N5634 

• High DC Current Gain @ Iq = 5.0 Adc — 

hpE = 25 (Min) — 2N5632 
= 20 (Min) - 2N5633 
= 15 (Min) - 2N5634 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 10 Vdc (Max) @\q = 7.5 Adc 

• Complement to PNP Transistor Series 

2N6229, 2N6230, 2N6231 


10 AMPERE 
POWER TRANSISTOR 
NPN SILICON 

100-120-140 VOLTS 
150 WATTS 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
- Peak 


Base Current — Continuous 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


P D 


Tj.Tst 


2N5632 2N5633 2N5634 


10 

15 


150 
0.857 ‘ 


Watts 

W/°C 


°C 



"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.17 

°C/W 


’indicates JEDEC Registered Data. 





, 





-J 


| 


r 'I 

u 

d 


l E 

SEATING' 

PLANE 

STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



— 

DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

□ 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

■ _ 

26.67 

- 

1.050 


NOTE: Collector connected to case. 

1. DIM"Q"ISDIA. CASE 11-01 
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2N5632, 2N5633, 2N5634 (continued) 


•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min j Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage'^ 

(IC = 200 mAdc, l 8 = 0) 

2N5632 

2N5633 

2N5634 

v CEO(sus) 

100 

120 

140 

- 

Vdc 

Collector-Emitter Cutoff Current 


'CEO 



mAdc 

(V C E = 50 Vdc, l B = 0) 

2N5632 


- 

1.0 


(V C E = 60Vdc, l B = 0) 

2N5633 


- 

1.0 


(V CE = 70 Vdc, l B = 0) 

2N5634 


- 

1.0 


Collector-Emitter Cutoff Current 


'CEX 



mAdc 

(V CE = Rated V CB , V EB ( 0 ff) = 15 Vdc) 



- 

1.0 


(V C E ■ Rated V CB . V EB(off) = 1.5 Vdc, T C = 150°C) 



- 

5.0 


Collector Base Cutoff Current 


'CBO 

- 

1.0 

mAdc 

(Vcb = Rated Vq B , l£ = 0) 






Emitter-Base Cutoff Current 


'EBO 

- 

1.0 

mAdc 

(V B e - 7.0 Vdc, l C - 0) 







ON CHARACTERISTICS 


DC Current Gain( D 

(l C = 5.0 Adc, V C E = 2.0 Vdc) 2N5632 

2N5633 

2N5634 

(lC - 10 Adc, Vq E = 2.0 Vdc) All Types 

hFE 

25 

20 

15 

5.0 

100 

80 

60 


Collector-Emitter Saturation Voltage 
(IC = 7.5 Adc. I B = 0.75 Adc) 

(l C = 10 Adc, l B = 2.0Adc) 

v CE(sat) 

- 

1.0 

2.0 

Vdc 

Base-Emitter Saturation Voltage 
(IC=7.5 Adc, l B = 0.75 Adc) 

v BE(sat) 

- 

2.0 

Vdc 

Base-Emitter On Voltage 
(IC = 5.0 Adc, V C E = 2.0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain -Bandwidth Product (2) 

(lC = 10 Adc, Vqe = 20 Vdc. f te st = 0.5 MHz) 


1.0 

- 

MHz 

Output Capacitance 
(Vcb = 1° Vdc, l E = 0, f = 0.1 MHz) 

C 0 b 

- 

300 

PF 

Small Signal Current Gain 
(Vce = 10 Vdc, lc = 2.0 Adc, f - 1.0 kHz) 

h fe 

15 

- 

, - 


indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ^ 300 ns. Duty Cycle< 2.0%. 

(2) f-p = | hf e | e f test 

FIGURE 2 - SWITCHING TIME TEST 

CIRCUIT FIGURE 3 - TURN ON TIME 


vcc 

+30 V 


25 ^ 


:n 


t r ,tf< 10 ns 
DUTY CYCLE = 1.0 



SCOPE 


RB and Rc VARIED TO OBTAIN 0ESIRED CURRENT LEVELS 


0i MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib =100 mA 
MS06100 USED BELOW Ib ~100 mA 
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t, TIME (us) lc, COLLECTOR CURRENT (AMP) r{t), EFFECTIVE TRANSIENT 

THERMAL RESISTANCE (NORMALIZED) 


2N5632, 2N5633, 2N5634 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjip^)^ 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN -4 15) 


FIGURE 6 - TURN-OFF TIME 




0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 


1C, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 


I; 
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Ic, COLLECTOR CURRENT (pA) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


2N5632, 2N5633, 2N5634 (continued) 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 



ic = 'cesH 


-0.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 +0.6 

Vbe, BASE -EMITTER VOLTAGE (VOLTS) 


20 40 60 80 100 120 

Tj, JUNCTION TEMPERATURE (°C) 








2n5635 (SILICON) 

2n5636 

2n5637 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for VHF/UHF amplifier applications. These devices are 
suitable for use in 28 volt systems to 470 MHz. These transistors are 
ideal for 225-400 MHz communications equipment. 

• Balanced Emitter Construction to provide the designer with the 

device technology that assures ruggedness and resists transistor 
damage caused by load mismatch. 

• Low inductance strip line packaging for easier and better broad- 

band designs. 

• Ceramic Package 

• Choice of Power Levels at 400 MHz, 28 Vdc — 

2N5635 - 2.5 Watts - 6.2 dB (Min) Gain 
2N5636 - 7.5 Watts - 5.7 dB (Min) Gain 
2N5637 - 20 Watts - 4.6 dB (Min) Gain 


“MAXIMUM RATINGS 


Rating 

Symbol 

2N5635 

2N5636 

2N5637 

Unit 

Collector-Emitter Voltage 

v CEO 

35 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

•c 

1.0 

1.5 

3.0 

Adc 

Total Device Dissipation <§> Tq =25°C 

PD 

7.5 

15 

30 

Watts 

Derate above 25°C 


43 

86 

171 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 







* Indicates JEDEC Registered Data. 


NPN SILICON 
RF POWER 
TRANSISTORS 





4 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 


L_4 

*-A-» 

r J 

^ S | \ 


?=fT 

SEATING WRENCH 1 
PLANE FLATl 

b-4 

Jt 

L E* C 
Jj8-32UNC2A| 

— - 

r 

c 


DIM 

MILLIMETERS 

INCHES ] 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0 385 

B 

8.13 

8.38 

0 320 

0.330 

C 

17.63 

19.46 

0.694 

0.766 

D 

0 64 

0.89 

0.025 

0.035 

E 

1.78 

2.03 

•0 070 

0.080 

F 

5.59 

5.84 

0.220 

0.230 

H 

26.16 

27.69 

1.030 

1090 

J 

0.10 

0 15 

0.004 

0.006 

K 

13.08 

13 84 

0.515 

0.545 

L 

7.11 

7.37 

0.280 

0 290 

M 

40° 

50° 

40° 

50« 

N 

127 

1.52 

0,050 

0.060 

P 


1.27 


0.050 

R 

7 59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

216 

2 41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 

V 

10° 

20° 

10° 

200 


CASE 144B-03 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 


2N5637 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0 370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0 750 

n 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 


2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1 130 

J 

0.10 

0.15 

0 004 

0.006 

K ! 

13.21 

14 35 

0.520 

0 565 

L 

1.40 

1.65 

0 055 

0.065 

Mj 

45° 

NOM 

450 1 

UOM 

P 


1.27 


0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0178 

T 

2.16 

2.41 

0.085 

0.095 

u 

2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A 01 USE 8 32NC2A STUD 


CASE 145A-01 
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2N5635, 2N5636, 2N5637 (continued) 



ON CHARACTERISTICS 

DC Current Gain 


(l C = 100 mAdc, V CE = 5.0 Vdc) 

2N5635 

(1C “ 200 mAdc, V C E = 5.0 Vdc) 

2N5636 

(l C = 500 mAdc, V C E = 5.0 Vdc) 

2N5637 

DYNAMIC CHARACTERISTICS 


Output Capacitance 

(Vcb = 30 Vdc, l E = 0,f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 

























POWER OUTPUT (WATTS) P out POWER OUTPUT (WATTS) P out , POWER OUTPUT (WATTS) 


ERFO 

PUT versu 


SiHi 

gj 


^prcnpi 

psfissiSi 



H 

BBgHj 

MHSHM 

■■■fill 




f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 








, POWER OUTPUT (Watts) P Qut , POWER OUTPUT (Watts) P out , POWER OUTPUT (Watts) 


2N5635, 2N5636, 2N5637 (continued) 


TYPICAL PERFORMANCE DATA 

POWER OUTPUT versus POWER INPUT 

FIGURE 9 



0 0.1 0.2 0.3 0.4 0.5 0.6 

P jn , POWER INPUT (Watts) 


FIGURE 10 



0 1.0 2.0 3.0 

P jn , POWER INPUT (Watts) 


FIGURE 11 



0 2.0 4.0 6.0 8.0 

P in , POWER INPUT (Watts) 
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i, INPUT RESISTANCE (OHMS) Rj n , INPUT RESISTANCE (OHMS) Rj n , INPUT RESISTANCE (OHMS) 


2N5635, 2N5636, 2N5637 (continued) 


CIRCUIT DESIGN DATA 


PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 
FIGURE 12 


PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
FIGURE 13 



300 400 500 600 150 200 

f, FREQUENCY (MHz) 



2N5635 


1 

\\ 



1 

NS 

w 


1 


nSjw 

2.5 W 







N 


1 


1 

1.0 V 

i 







■ 


300 400 51 


f, FREQUENCY (MHz) 




-5001 L 

150 200 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 






, OUTPUT CAPACITANCE (pF) 


2N5635, 2N5636, 2N5637 (continued) 



8 





Ic, COLLECTOR CURRENT (AMPS) Iq, COLLECTOR CURRENT (AMPS) 1C, COLLECTOR CURRENT (AMPS) 


2N5635, 2N5636, 2N5637 (continued) 


DC SAFE OPERATING AREA 


POWER DISSIPATION DERATING CURVE 


i.o. 

0.9 

0.8 T C = 25°C 
0.7 - 2N5635 - 

0.6 

0.5 



L( 



N 
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BVcEO M 

a 



VcEO/ COLLECTOR-EMITTER VOLTAGE (VOLTS) 


0 25 50 75 100 125 150 175 

Tc. CASE TEMPERATURE (°C) 





~TZ 




r 

Tc = 25°C 


1 

Ma 
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l 
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| 










1 





1.0 2.0 3 

.0 

5.0 7 

0 1 


2.0 3.0 5.0 7.0 10 20 30 40 

VcEO, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



50 75 100 125 150 175 

Tc, CASE TEMPERATURE <°C) 


3.0 

T C = 25°C 
2 ^1 — 2N5637- 



2.0 3.0 5.0 7.0 10 20 30 40 

VCEO, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



Tc, CASE TEMPERATURE (°C) 







2N5635, 2N5636, 2N5637 (continued) 


APPLICATION INFORMATION 

In addition to a fine selection of quality RF Semiconductors, Motorola 
provides applications information in the form of Application Notes. Any 
of the notes listed on this page may be obtained by writing to the Technical 
Information Center, Motorola Semiconductor Products Inc., P. O. Box 
20912, Phoenix, Arizona. 


Small Signal RF Design 

AN-139A- Understanding Transistor Response 
Parameters 

AN-166 - Using Linvill Techniques for RF Amplifiers 

AN-21 5A - RF Small Signal Design Using 2-Port 
Parameters 

AN-238 - Transistor Mixer Design Using Admittance 
Parameters 

AN-247A- An Integrated Circuit RF-IF Amplifier 
AN-419 - UHF Amplifier Design Using Data Sheet 
Curves 


AN-421 - Semiconductor Noise Figure Considerations 
AN-423 — Field-Effect Transistor RF Amplifier Design 
Techniques 

RF Power Transistor Circuit Design 

AN -267 — Matching Network Designs with Computer 
Solutions 

AN-282 A - Systemizing RF Power Amplifier Design 
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2n5638 (SILICON) 

2n5639 

2n5640 


N-CHANNEL JUNCTION 
FIELD-EFFECT TRANSISTORS 


. . . depletion mode (Type A) Junction Field-Effect Transistors 
designed for chopper and high-speed switching applications. 

• Low Drain-Source "ON" Resistance — 

r ds(on) = 30 Ohms (2N5638) 

60 Ohms (2N5639) 

100 Ohms (2N5640) 

• Low Reverse Transfer Capacitance — 

C rss = 4.0 pF (Max) @ f = 1 .0 MHz 

• Fast Switching Characteristics — 

t r = 5.0 ns (Max) (2N5638) 


N-CHANNEL 

JUNCTION 

FIELD-EFFECT 

TRANSISTORS 

TYPE A 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

30 

Vdc 

*Drain-Gate Voltage 

V DG 

30 

Vdc 

* Reverse Gate-Source Voltage 

V GSR 

30 

Vdc 

* Forward Gate Current 

»GF 

10 

mAdc 

'Total Device Dissipation @ J/\ = 25°C 

P 0 '1) 

310 

mW 

Derate above 25°C 


2.82 

mW/°C 

'Storage Temperature Range 

T stg 

-65 to +150 

°C 

Operating Junction Temperature Range 

Tj n > 

-65 to +135 

°c 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: P D = 1.0 W @ T c = 25°C, Derate above 25°C - 8.0 mW/°C, Tj = -65 to +150°C, 
0 jr . = 125°C/W. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 




STYLE 5- 

PIN 1. DRAIN 

2 SOURCE 

3 GATE 


Q 

— 


i L 

12 3 

CP 

|4 B 


fcrr 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.SM 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 


‘Indicates JEDEC Registered Data. 
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2N5638, 2N5639, 2N5640 (continued) 


"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 


V (BR)GSS 

30 

- 

Vdc 

(Iq = 10 juAdc, Vqs = 0) 






Gate Reverse Current 


<GSS 




(V GS = -15 Vdc, V DS = 0) 



- 

1.0 

nAdc 

(V G s = -15 Vdc, V DS = 0, T a = 100°C) 



- 

1.0 

juAdc 

Drain Cutoff Current 


(D(off) 




(Vqs = 15 Vdc, Vqs = -12 Vdc) 

2N5638 


- 

1.0 

nAdc 

( V DS = 1 5 Vdc, Vqs = "8.0 Vdc) 

2 N 5639 


- 

1.0 


(V DS = 15 Vdc, V GS = -6.0 Vdc) 

2N5640 


- 

1.0 


(V DS = 15 Vdc, Vqs - -12 Vdc, T A = 100°C) 

2N5638 


- 

1.0 

juAdc 

(V DS = 15 Vdc, V GS * -8.0 Vdc, T A = 100°C) 

2N5639 


- 

1.0 


(Vqs = 15 Vdc, Vqs = -6.0 Vdc, T A = 100°C) 

2N5640 


- 

1.0 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (Note 1) 

(Vqs = 20 Vdc, Vqs = 0) 

2 N 5638 

2 N 5639 
2N5640 

*DSS 

50 

25 

5.0 

- 

mAdc 

Drain-Source "ON” Voltage 


VDS(on) 


Vdc 

(Iq = 12mAdc, V GS = 0) 

2N5638 

- 

0.5 


(Iq = 6.0 mAdc, Vqs = 0) 

2N5639 

- 

0.5 


(Ip = 3.0 mAdc, Vqs = 0) 

2 N 5640 

- 

0.5 


Static Drain-Source "ON" Resistance 


r DS(on) 


Ohms 

(l D = 1.0 mAdc, Vq S = 0) 

2 N 5638 

- 

30 



2 N 5639 j 

- 

60 



2 N 5640 


100 



SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source "ON" Resistance 
(V GS = 0, l D = 0,f= 1.0 kHz) 

2 N 5638 

2 N 5639 
2N5640 

r ds(on) 


-i 

30 

60 

100 

Ohms 

Input Capacitance 

(Vqs = 0, Vqs = -12 Vdc, f = 1.0 MHz) 


Cj ss 


10 

pF 

Reverse Transfer Capacitance 
(Vqs = 0, Vqs = -1 2 Vdc, f = 1 .0 MHz) 


c rss 

— 

4.0 

pF 


SWITCHING CHARACTERISTICS (Figure 1) 


Turn-On Delay 


'D(on) 

= 12 mAdc 

2 N 5638 

^(on) 

- 

4.0 

ns 

Time 



6.0 mAdc 

2N5639 


- 

6.0 





3.0 mAdc 

2 N 5640 


- 

8.0 


Rise Time 

Vqq= 10 Vdc, 

•Dion) 

- 12 mAdc 

2N5638 

V 

- 

5.0 

ns 


VGS(on) = 0 , 


6.0 mAdc 

2N5639 


_ 

8.0 




3.0 mAdc 

2N5640 


- 

10 


Turn-Off Delay 

v GS(off) “-'*0 Vdc, 

'D(on) 

= 12 mAdc 

2N5638 

Id (off) 

- 

5.0 

ns 

Time 


6.0 mAdc 

2 N 5639 


— 

10 



Rq =50 ohms 


3.0 mAdc 

2N5640 


- 

15 


Fall Time 


'D(on) 

= 12 mAdc 

2N5638 

tf 

- 

10 

ns 




6.0 mAdc 

2N5639 


- 

20 





3.0 mAdc 

2N5640 


- 

30 



’indicates JE DEC Registered Data. 

Notel. PulseTest: Pulse Width < 300 Duty Cycle ^3.0%. 
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2n5641 (SILICON) 
2 
3 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for VHF power amplifier or oscillator applications in 
military and industrial equipment. These devices are particularly 
suited for use in Class AB, B, or C amplifier applications to 400 MHz. 


NPN SILICON 
RF POWER 
TRANSISTORS 


• Balanced Emitter Construction to provide the designer with the 

device technology that assures ruggedness and resists transistor 
damage caused by load mismatch. 

• Stripline packaging for lower lead inductance and better broad- 

band capability. 

• Ceramic Packaging 

• Specified 28 Volt, 175 MHz Characteristics - 

2N5641 - 7.0 Watts Output Power at 8.4 dB Gain 
2N5642 — 20 Watts Output Power at 8.2 dB Gain 
2N5643 — 40 Watts Output Power at 7.6 dB Gain 



•maximum ratings 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 
Total Device Dissipation @ T/^ = 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 

* Indicates JEDEC Registered Data. 


Symbol 2N564l|2N5642|2N5643 Unit 
Vceq — — - - 35 — — — • Vdc 

V C B 65 Vdc 

Vcn 4.0 — Vdc 


1.0 

3.0 

5.0 

15 

86 

30 

171 

60 

342 




^C[_4 


rpf 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 


2N5642 

2N5643 



SEATING PLANE 
WRENCH FLAT 


A 9 40 9.78 0 370 0.385 

B 8.13 8.38 0.320 0 330 

C 18.03 19 0S 0.710 0750 

D 5.69 5.84 0.220 0.230 

E 1.78 2 03 0.070 0.080 

F 2.79 2.92 O.tIO 0.115 

H 26.42 28.70 1.040 1.130 

J 0.10 0.15 0.004 0.006 

K 13.21 14 35 0.520 0.565 

t TioT f65 0.Q55 10.065 

M 45° NOM 45° NOM 
P - 1 1.27 1 1 0.050 

R 7 59 7 80 0,299 0.307 

S 4 01 4.52 0.158 0.178 

T 2.16 2.41 0.085 0.095 

U I 2 54 I 3.30 10 100 10 130 

NOTE 

CASE 145A 01 USE 8 32NC2A STUD 
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2N5641, 2N5642, 2N5643 (continued) 


‘ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

I Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Note 1) 

(l C = 200mAdc, l B = 0) 

bv CEO 

35 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 200 mAdc, V 8E =0) 

bvces 

65 

- 

~ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 5.0 mAdc, l C = 0) 2N5641 

(l E - 10 mAdc. lc = 0) 2N5642,2N5643 

bv EBO 

4.0 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C b = 30 Vdc, l E = 0) 

! cbo 

■ 

- 

1.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 


h F £ 




_ 

(l C * 100 mAdc, V CE = 5.0 Vdc) 

2N5641 

5.0 

_ 

_ 


(l C = 200 mAdc, V CE = 5.0 Vdc) 

2N5642 


5.0 

_ 

_ 


(l c = 500 mAdc, Vce = 5.0 Vdc) 

2N5643 


5.0 

- 

- 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 




pF 

(Vcb = 30 Vdc, l E = 0,f = 0.1 to 1.0 MHz) 2N5641 


_ 

8.5 

15 


2N5642 


_ 

22 

35 


2N5643 


- 

45 

65 



FUNCTIONAL TEST 


Power Input (Figure 1) 

(P out = 7 0 Wa tts ' V CE = 28 Vdc, f = 175 MHz) 

(Pout = 20 Watts, V C E = 28 Vdc, f = 175 MHz) 

( p out = 4 0 Watts, V CE = 28 Vdc, f = 175 MHz) 

2N5641 

2N5642 

2N5643 

Pin 

- 

0.4 

1.9 

5.0 

1.0 

3.0 

7.0 

Watts 

Common-Emitter Amplifier Power Gain (Figure 1) 


GPE 




dB 

(Pout = 7 0 Watts, V CE = 28 Vdc, f * 175 MHz) 

2N5641 


8.4 

12.5 

- 


(Pout = 20 Watts, V CE = 28 Vdc, f = 175 MHz) 

2N5642 


8.2 

10.2 

- 


( p out = 40 Watts, V C E = 28 Vdc, f = 1 75 MHz) 

2N5643 


7.6 

8.1 



Collector Efficiency (Figure 1) 


i? 




% 

( p out = 70 Watts, V CE = 28 Vdc, f = 175 MHz) 

2N5641 


60 

- 

- 


(Pout = 20 Watts, V CE = 28 Vdc, f = 1 75 MHz) 

2N5642 


60 

- 

- 


( p out = 40 Watts, Vce = 28 Vdc, f = 175 MHz) 

2N5643 


60 


- 



Note 1 : Pulsed through 25 mH inductor. 
* Indicates JEDEC Registered Data. 


FIGURE 1 - 175 MHz TEST CIRCUIT 



Ci,C3,C4-5.0-80pF 
C 2 - 9-0 - 180 pF 
Li - IK" Straight #14 AWG 
1-2 - 3 Turns #16 AWG, %" I.D. 


Ci - 3.0 - 30 pF 
C2. C 3 , C 4 , - 9.0 - 180 pF 
Li -1" Straight #14 AWG 
L 2 - 1 Turn #16 AWG, V*" I.D. 


C 1t C 2 , C 3 , C 4 . - ARCO 464 25-280 pF 
Li - 1 " Straight #14 AWG 
L 2 - 1 Turn #16 AWG, %" CD! 
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, POWER OUTPUT (WATTS) p POWER OUTPUT (WATTS) P out' P0WER OUTPUT (WATTS) 


2N5641, 2N5642, 2N5643 (continued) 


TYPICAL PERFORMANCE DATA 

POWER OUTPUT versus POWER INPUT 


FIGURE 8 



FIGURE 9 



FIGURE 10 
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, INPUT RESISTANCE (OHMS) Rj n , INPUT RESISTANCE (OHMS) Rj n , INPUT RESISTANCE (OHMS) 



f, FREQUENCY MHz 


f, FREQUENCY (MHz) 







2N5641, 2N5642, 2N5643 (continued) 


CIRCUIT DESIGN DATA 

LARGE SIGNAL OUTPUT CAPACITANCE versus FREQUENCY 


FIGURE 17 


2N5641 









: 




% 20 


P„..* = 7.0 Watts 










2n5644 (SILICON) 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for 12.5 Volt, UHF large signal amplifier applications re- 
quired in industrial and consumer FMequipment operating to520 MHz. 

• Low lead inductance stripline package for ease of design and in- 

creased broadband capability 

• Balanced Emitter Construction to protect against device damage 

due to load mismatch 

• Specified 12.5 Volt, 470 MHz Characteristics - 

Output Power = 1.0 Watt 
Minimum Gain = 7.0 dB 
Efficiency = 60% 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

V CB 

36 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

'c 

0.25 

Adc 

Total Device Dissipation @ Tq = 25°C 

PD 

3.5 

Watts 

Derate above 25°C 


0.02 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj.T St g 

-65 to +200 

°C 


*ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic i 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) 

Oc = 50 mAdc, lg = 0) 

BV C eo 

18 


Vdc 

Collector-Emitter Breakdown Voltage (Note 1) 

Oc - 50 mAdc, Vg E = 0) 

bvqes 

36 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, lc = 0) 

bv E bo 

4.0 

- 

Vdc 

Collector Cutoff Current 
( V CE = 1 5 Vdc, V BE = 0, T A = 1 25°C) 

'ces 


10 

mAdc 

Collector Cutoff Current 
<Vcb = 15 Vdc, l E - 0) 

>CBO 


0.1 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l c = 0.1 Adc, V CE = 5.0 Vdc) 

h FE 

15 

- 

~ 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (Note 2) 

(l C = 50 mAdc, V CE = 12 Vdc, f = 100 MHz) 

*T 

400 

- 

MHz 

Output Capacitance 
(V CB = 12 Vdc, l E = 0, f = 1.0 MHz) 

Cob 

_ 

8.0 

PP 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1 ) 
(P out = 1 .0 W, V C C = 1 2.5 Vdc, 1 c = 0. 1 33 Adc, 
f = 470 MHz) 

GpE 

7.0 

' 

dB 

Collector Efficiency 

(Pout =10 W, V C C = 12-5 Vdc, 1 c - 0. 1 33 Adc, 
f = 470 MHz) 

n 

60 


% 


'indicates JE DEC Registered Data. 

Note 1 : Pulsed through 25 mH inductor. 

Note 2: fy is defined as the frequency at which |hf e | extrapolates to unity. 


NPN SILICON 
RF POWER 
TRANSISTOR 




PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 


SEATING PLANE 
WRENCH FLAT 


qUT 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

N0M 

45° N0M 

P 

- 

1.27 

- 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A-01 USE 8-32NC2A STUD 

CASE 145A-01 
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, INPUT RESISTANCE (OHMS) P out , POWER OUTPUT (WATTS) 



LI = COFPER STRAP 1" Long, 5/32" Wide 

L2 = 1 Turn #16 AWG WIRE, 3/32" I D , Total Length 
of Coil and Leads = 13/16" 

RFC 1 = 0 15 /uH MOLDED CHOKE with Ferrite Bead on Ground Lead 
RFC 2 = 8 Turns #20 WIRE, 7/32" I.D , 3/8" Long 
All Capacitance Values in pF Except As Noted 


FIGURE 3 - POWER OUTPUT versus FREQUENCY 



200 300 400 500 600 

f, FREQUENCY (MHz) 


FIGURE 5 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 



i, INPUT CAPACITANCE (pF) C out , OUTPUT CAPACITANCE (pF) Pout- POWER OUTPUT (WATTS) 






2N 5645 (SILICON) 


NPN SILICON RF POWER TRANSISTOR 


. . . designed for 12.5 Volt, UHF large signal amplifier applications re- 
quired in industrial and consumer FM equipment operating to520MHz. 

• Low lead inductance stripline package for ease of design and in- 

creased broadband capability 

• Balanced Emitter Construction to protect against device damage 

due to load mismatch 

• Specified 12.5 Volt, 470 MHz Characteristics — 

Output Power = 4.0 Watt 
Minimum Gain = 6.0 dB 
Efficiency = 60% 


NPN SILICON 
RF POWER 
TRANSISTOR 


"MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

V C B 

36 

Vdc 

Emitter-Base Voltage 

V E B 

4.0 

Vdc 

Collector Current — Continuous 

<C 

1.0 

Adc 

Total Device Dissipation @Tc = 25°C 

p D 

12 

Watts 

Derate above 25°C 


0.068 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°c 


* ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

Characteristic ] Symbol ] Min | Max | ~i 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Note 1) 

0c = 100 mAdc, l B = 0) 

bvceo 

18 


Vdc 

Collector-Emitter Breakdown Voltage (Note 1) 
(»C= 100 mAdc, V B e = 0) 

BVces 

36 

~ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E =1.0 mAdc, Iq = 0) 

BVebo 

4.0 

~ 

Vdc 

Collector Cutoff Current 

(V CE = 15 Vdc, V BE = 0, T A = 1 25°C) 

'CES 


10 

mAdc 

Collector Cutoff Current 
(V CB = 15 Vdc. I E = 0) 

•CBO 


0.5 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 


_ 


(l c =0.5 Adc, V CE = 5.0 Vdc) 

| 15 l 


L_J 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product (Note 2) 

Oc = 100 mAdc, Vq E = 12 Vdc, 
f= 100 MHz) 

h 

400 


MHz 

Output Capacitance 

(V CB - 12 Vdc, l E = 0, f = 1.0 MHz) 

Cob 


20 

pF 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 4.0 W, V cc = 12.5 Vdc, l C = 0.53 Adc, 
f = 470 MHz) 

Gp E 

6.0 


dB 

Collector Efficiency 

(P out = 4.0 W, V C c " 12.5 Vdc, l C = 0.53 Adc, 
f = 470 MHz) 


60 


% 


Indicates JEDEC Registered Data. 

Note 1: Pulsed through 25 mH inductor. 

Note 2: f j is defined as the frequency at which |hf e | extrapolates to unity. 




STYLE 1 

PIN 1 EMITTER 
2 BASE 

3. EMITTER 

4. COLLECTOR 


£1) -I * p r < , 

Lc 


rr 

Lp 


SEATING PLANE J 

WRENCH FLAT 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

N0M 

45° 1 

MOM 

P 

- 

1.27 

- 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A-01 USE 8-32NC2A STUD 

CASE 145A-01 
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Rfa, INPUT RESISTANCE (OHMS) P out , POWER OUTPUT (WATTS) 


2N5645 (continued) 


DESIGN DATA 


FIGURE 1 - 470 MHz TEST CIRCUIT 



L2 = 1 Turn #16 AWG WIRE 3/32" I.D., Total Length 
of Coil and Leads = 13/T6" 

RFC 1 = 0J5 juH MOLDED CHOKE with Ferrite Bead on Ground Lead 
RFC 2 = 8Turns #20 WIRE, 7/32" I.D.,3/8" Long 
All Capacitance Values in pF Except As Noted. 



200 250 300 400 500 600 


f, FREQUENCY (MHz) 


FIGURE 5 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 



200 250 300 400 500 550 

f, FREQUENCY (MHz) 



0 0.5 1.0 1.5 2.0 2.5 

Pin, POWER INPUT (WATTS) 

FIGURE 4 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 



200 250 300 400 500 550 

f, FREQUENCY (MHz) 


FIGURE 6 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 


\ 


■ 

■ 


■ 

\ 







Hi 

■ 





■S 

a 


HH 






2.0 W 



200 250 300 400 500 550 

f, FREQUENCY (MHz) 
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2N5646 (SILICON) 


|j 

k 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for 12.5 Volt, UHF large signal amplifier applications re- 
quired in industrial and consumerFMequipment operating to520 MHz. 

• Low lead inductance stripline package for ease of design and in- 

creased broadband capability 

• Balanced Emitter Construction to protect against device damage 

due to load mismatch 

• Specified 12.5 Volt, 470 MHz Characteristics — 

Output Power = 12 Watt 
Minimum Gain = 4.7 dB 
Efficiency = 60% 


"MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

VCB 

36 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

>c 

2.0 

Adc 

Total Device Dissipation @Tc = 25°C 

PD 

30 

Watts 

Derate above 25°C 


0.171 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj,Tstg 

-65 to +200 

°C 


NPN SILICON 
RF POWER 
TRANSISTOR 


*ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) 

[ Characteristic 1 Symbol \ Min ] Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Note 1) 

( 1 c = 200 mAdc, l B = 0) 

bvceo 

18 

- 

Vdc 

Collector-Emitter Breakdown Voltage (Note 1) 
(l c = 200 mAdc, V BE = 0) 

bv C es 

36 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, lc = 0) 

bv EB o 

4.0 

- 

Vdc 

Collector Cutoff Current 

<V CE = 15 Vdc, V BE = 0, T A = 125°C) 

<CES 

- 

10 

mAdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E =0) 

! CBO 

- 

1.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 

15 

- 

- 

(l c = 1.0 Adc, V CE = 5.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product (Note 2) 

*T 

400 

- 

MHz 

OC = 250 mAdc, V CE = 12 Vdc, f = 100 MHz) 









Rjn, INPUT .RESISTANCE (OHMS) Pout- POWER OUTPUT (WATTS) 



LI = COPPER STRAP 1" Long, 5/32" Wide 

L2 = 1 Turn #16 AWG WIRE, 3/32" I.D., Total Length 
of Coil and Leads = 13/16" 

RFC 1 = 0.15 /iH MOLDED CHOKE with Ferrite Bead on Ground Lead. 
RFC 2 = 8 Turns #20 WIRE, 7/32" I D., 3/8" Long 
All Capacitance Values in pF Except As Noted. 

FIGURE 3 - POWER OUTPUT versus FREQUENCY 
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f, FREQUENCY (MHz) 


FIGURE 5 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 
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2n5653 (SILICON) 
2n5654 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 


Depletion Mode (T ype A) Junction Field-EffectTransistors designed 
primarily for low-power, chopper and switching applications. 


• Fast Switching Times — 2N5653 

td(on) = 4.0 ns (Max) 
t r = 5.0 ns (Max) 
td(off) = 5.0 ns (Max) 
tf = 10 ns (Max) 

• Low Drain-Source "ON” Resistance — 

r ds(on) = 50 Ohms (Max) @ Id = 1.0 mAdc - 2N5653 

• Low R everse T ransfer Capacitance — 

C rss = 3.5 pF (Max) @ Vqs = -12 Vdc 


•MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

V DG 

30 

Vdc 

Reverse Gate-Source Voltage 

V GSR 

30 

Vdc 

Forward Gate Current 

*GF 

10 

mAdc 

Total Device Dissipation = 25°C 

Derate above 25°C 

P D m 

310 

2.82 

mW 

mW/°C 

Storage Temperature Range 

T (1) 

'stg 

-65 to +150 

°C 

‘Indicates JE DEC Registered Data. 





(1) Continuous package improvements 
follows P D = 1.0 W @ T c = 25°C, 
0 JC =125°C/W. 

have enhanced these guaranteed Maximum Ratings as 
Derate above 25°C - 8.0 mW/°C, T j = -65 to + 150°C, 


N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type A) 



JY 

SEATING- 7 P 
PLANE { 


-H r h— 


STYLE 5 

PIN 1 DRAIN 


Q 

-- 




“4 b 

— 1 S 

trr 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0 482 

0.016 

0.019 

K 

T2.)o0 

- 

0.560 

- 

L 

1 150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 ! 

0.095 

0.105 

S 

2.030 

2 670 ! 

0.080 

0.105 


CASE 29-02 
TO -92 
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2N5653, 2N5654 (continued) 


"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 


V (BR)GSS 

30 

- 

Vdc 

(l G = lO/uAdc, V DS = 0) 






Gate Reverse Current 


'GSS 




(V GS = -15 Vdc, V DS = 0) 



- 

1.0 


(Vqs = -15 Vdc, Vqs = 0, T a = 100°C) 



- 

1.0 


Drain Cutoff Current 


1 D (off) 




(V DS = 15 Vdc, V GS = -12 Vdc) 

2N5653 


- 

1.0 

nAdc 

(V DS = 15 Vdc, V GS = -8.0 Vdc) 

2N5654 


- 

1.0 


(Vqs - 15 Vdc, V GS = -12 Vdc, T a = 100°C) 

2N5653 


- 

1.0 

juAdc 

(V DS = 15 Vdc, V GS = -8.0 Vdc. T a = 100°C) 

2N5654 


- 

1.0 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (Note 1 ) 

(Vqs = 20 Vdc, V GS = 0) 

2N5653 

2N5654 

>DSS 

40 

15 

- 

mAdc 

Drain-Source "ON" Voltage 


v DS(on) 



Vdc 

(1 0 = 10 mAdc, Vqs = 0) 

2N5653 


- 

0.75 


( 1 q = 5.0 mAdc, Vqs = 0) 

2N5654 


- 

0.75 



SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source "ON" Resistance 
(Vqs = 0, Iq = 1 .0 mAdc) 

(Vqs = 0, Iq = 0, f = 1.0 kHz) 

2N5653 

2N5654 

2N5653 

2N5654 

r ds(on) 

- 

50 

100 

50 

100 

Ohms 

Input Capacitance 

(Vqs = 0, Vqs = -1 2 Vdc, f = 1 .0 MHz) 


C'iss 

- 

10 

pF 

Reverse Transfer Capacitance 
(Vqs = 0, Vqs = -1 2 Vdc, f = 1 .0 MHz) 


Crss 


3.5 

pF 


SWITCHING CHARACTERISTICS 



Test Condition for 2N5653: 






Turn-On Delay Time 

(Vqq = 10 Vdc, V GS (on) = 0, 

2N5653 

^(on) 

- 

4.0 

ns 


v GS(off) = ~12 Vdc, 

2N5654 


— 

6.0 


Rise Time 

*D(on) = 10 mAdc, 

2N5653 

tr 

- 

5.0 

ns 


Rq = 50 Ohms) 

2N5654 


- 

8.0 



Test Condition for 2 N 5654: 






T urn-Off Delay Time 

(Vqq = 10 Vdc, V G s( 0 n) = 0, 

2N5653 

td(off) 

- 

5.0 

ns 


v GS(off) = "12 Vdc, 

2N5654 


— 

10 


Fall Time 

•D(on) = 5 0 mAdc, 

2N5653 

tf 

- 

10 

ns 


Rq'= 50 Ohms) 

2N5654 


- 

20 



(Figure 1) 







‘indicates JE DEC Registered Data. 

Note 1: Pulse Test: Pulse Width < 300 ns. Duty Cycle <3.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


R|_ = -( r ds(on) + 50) 
>0 



t r < 1 0 ns 
f = 1 0 kHz 
Duty Cycle < 1.0% 


VGS(on) 

-VGS(off) 
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2N 5655 2N 5656 2N 5657 (SILICON) 

MJE5655 MJE5656 MJE5657 


PLASTIC NPN SILICON HIGH-VOLTAGE 
POWER TRANSISTORS 

. . . designed for use in line-operated equipment such as audio output 
amplifiers; low-current, high-voltage converters; and AC line relays 

• Excellent DC Current Gain — hpE = 30-250 @ Iq = 100 mAdc 

• Current-Gain - Bandwidth Product — 

fj = 10 MHz (Min) @ Iq = 50 mAdc 

• Packaged in Thermopad Case for Low Cost 

• Choice of Packages - 2N5655, 2N5656, 2N5657 - Case 77 

MJE5655, MJE5656, MJE5657 - Case 199 


"MAXIMUM RATINGS 


0.5 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

250-300-350 VOLTS 
20 and 30 WATTS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


2N5655 2N5656 2N5657 

Symbol [MJE5655 MJE5656 MJE5657 


V . CE Q 


VCB 


V £B 


|Total Device Dissipation @Tc = 25°C 
Derate above 25°C 


[Operating and Storage Junction 
Temperature Range 


PD 


T J, T stg 


0.5 - 
1.0 - 


2N5655 

Series 


20 

0.16 


MJE5655 

Series 


30 

0.24 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N5655 

Series 

MJE5655 

Series 

Unit 

Thermal Resistance, Junction to Case 

0 jc 

6.25 

4.167 

°C/W 


* Indicates JEDEC Registered Data for 2N5655 Series. 


FIGURE 1 - POWER DERATING 



FIGURE 2 - SUSTAINING VOLTAGE TEST CIRCUIT 





STYLE 1 
PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 


MJE5655 

MJE5656 

MJE5657 





■,’IIM 

s.tt> 

■rm 
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■■ 
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B2i3 
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Safe Area Limits are indicated by Figures 3 and 4. Both limits are applicable and must be observed. 
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2N5655, 2N5656, 2N5657/MJE5655, MJE5656, MJE5657 (continued) 

'ELECTRICAL CHARACTERISTICS (Tc - 25 °C unless otherwise notedl 

[~~~~ Characteristic | Sytrtbdi [ MhT~ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(!q = 100 mAdc (inductive), L = 50 mH) 

2N5655, MJE5655 

2 N 5656, MJE5656 
2N5657, MJE5657 

v CEO(sus) 

250 

300 

350 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


SVcEO 



Vdc 

(l C = 1.0 mAdc, l B = 0) 

2N5655, MJE5655 


250 

_ 



2N5656, MJE5656 


300 

_ 



2N5657, MJE5657 


350 

- 


Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 150 Vdc, 1 B = 0) 

2N5655, MJE5655 


- 

0.1 


<V CE = 200 Vdc, 1 B = 0> 

2 N 5656, MJE5656 


- 

0.1 


(V CE = 250 Vdc, l B = 0) 

2N5657, MJE5657 


- 

0.1 


Collector Cutoff Current 


'CEX 




(Vce = 250 Vdc, V EB (off) = 1.5 Vdc) 

2N5655, MJE5655 


- 

0.1 


(Vce - 300 Vdc, V EB (off) = 1-5 Vdc) 

2N5656, MJE5656 


- 

0.1 


(Vce = 350 Vdc, V EB (off) = 1-5 Vdc) 

2N5657, MJE5657 


- 

0.1 


(V CE = 150 Vdc, V EB (off) = 1.5 Vdc, T C = 100'°C) 

2N5655, MJE5655 


- 

1.0 


(V CE = 200 Vdc, V EB (off) = 1.5 Vdc, T c = 100°C) 

2N5656, MJE5656 



1.0 


(V CE = 250 Vdc, V EB ( off ) = 1.5 Vdc, T c = 100°C) 

2N5657, MJE5657 


- 

1.0 


Collector Cutoff Current 


'CBO 



pAdc 

(V CB = 275 Vdc, l E = 0) 

2N5655, MJE5655 


- 

10 


<V CB = 325 Vdc, l E = 0) 

2N5656, MJE5656 


- 

10 


(V CB = 375 Vdc, l E = 0) 

2N5657, MJE5657 


- 

10 


Emitter Cutoff Current 


•ebo 


10 

MAdc 

(V EB = 6.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (11 
(1C = 50 mAdc, Vce = 10 Vdc) 

(l c = 100 mAdc, V CE = 10 Vdc) 

(1C = 250 mAdc, V C e = 10 Vdc) 

(lc = 500 mAdc, Vce = 13 Vdc) 

h FE 

25 

30 

15 

5.0 

250 


Collector-Emitter Saturation Voltage (D 

Vce (sat) 



Vdc 

(lc - 100 mAdc, 1 b = 1 0 mAdc! 


- 

1.0 


(lc = 250 mAdc, l B = 25 mAdc) 


_ 

2.5 


( 1 C = 500 mAdc, 1 B = 100 mAdc) 


- 

10 


Base-Emitter Voltage (1) 

V BE 

- 

1.0 

Vdc 

(l c = 100 mAdc, V C E = 10 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l C = 50 mAdc, V C e = 10 Vdc, f = 10 MHz) 

Ft 

10 

- 

MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

- 

25 

pF 

Small-Signal Current Gain 

Oc = 100 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

20 

- 

- 


•Indicates JEDEC Registered Data for 2N5655 Series 

( 1 ) Pulse Test: Pulse Width < 300 ps, Duty Cycle'S 2 0%. 

(2) f-j- is defined as the frequency at which |hf e | extrapolates to unity 


ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 3 - 2N5655, 2N5656, 2N5657 



VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vq E limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 



20 30 40 60 100 200 300 400 600 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The data of Figures 3 and 4 is based on Tj^p^) = 150°C; is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p | < )^-150 o C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 
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Ic, COLLECTOR CURRENT (mA) 


2N5655, 2N5656, 2N5657/MJE5655, MJE5656, MJE5657 (continued) 


LARGE SIGNAL CHARACTERISTICS 


CUT-OFF CHARACTERISTICS 


FIGURE 5 - TRANSCONDUCTANCE 


FIGURE 6 - TRANSCONDUCTANCE 




Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


VbE- BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - INPUT ADMITTANCE 


FIGURE 8 - EFFECT OF BASE-EMITTER RESISTANCE 






vbe, base-emitter voltage (volts) 


102 to 3 10 4 IQ 5 106 10 7 

RBE, base-emitter RESISTANCE (OHMS) 


19 







2N5655, 2N5656, 2N5657/MJE5655, MJE5656, MJE5657 (continued) 


FIGURE 9 - CURRENT GAIN 




10 20 30 50 100 200 300 500 

1C, COLLECTOR CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 12 - TURN-ON TIME 




1.0 2.0 5.0 10 20 50 100 200 500 


1C, COLLECTOR CURRENT (mA) 


1C, COLLECTOR CURRENT (mA) 









2n5668 (SILICON) 

2n5669 

2n5670 


SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (T ype A) Junction Field-EffectTransistors designed 
for VHF amplifier and mixer applications. 

• Low Cross Modulation and Intermodulation Distortion 

• Drain and Source Interchangeable 

• Low 100-MHz Noise Figure — 

NF = 2.5 dB (Max) 

• Low Reverse T ransfer and I nput Capcitances - 

C rs s = 1 0 pF (T yp) ; Cj ss = 4.7 pF (T yp) 

• High Maximum Stable Gain Due to Drain and Gate Lead Separation 


"MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

25 

Vdc 

* Drain-Gate Voltage 

V DG 

25 

Vdc 

* Reverse Gate-Source Voltage 

V GSR 

25 

Vdc 

^Forward Gate Current 

*GF 

10 

mAdc 

Drain Current 

•d 

20 

mAdc 

*Total Device Dissipation @T/\ = 25°C 
Derate above 25°C 

P D <1) 

310 

2.82 

mW 

mW/°C 

*Storage Temperature Range 

Tstg m 

-65 to +1 50 

°C 

‘indicates JE DEC Registered Data. 





(1) Continuous package improvements 
follows- P D = 1.0W@Tc = 25°C, 
0 JC = 125°C/W. 

have enhanced these guaranteed Maximum Ratings as 
Derate above 25°C - 8.0 mW/°C, Tj = -65 to + 150°C, 


N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

(Type A) 





MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4 450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

C 

4.320 

5.330 

0 170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.5OO 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N5668, 2N5669, 2N5670 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit | 

*OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 

V(BR)GSS 

25 

- 

- 

Vdc 

(l G = lOjuAdc, V DS = 0) 






Gate-Source Cutoff Voltage 

v GS(off) 




Vdc 

(V D S “ 1 5 Vdc, 1 o = 1 0 nAdc) 2N5668 


0.2 

- 

4.0 


2N5669 


1.0 

- 

6.0 


2N5670 


2.0 

- 

8.0 


Gate Reverse Current 

•gss 





(V G s = -15 Vdc, V DS = 0) 


- 

- 

2.0 

nAdc 

(V GS = -15 Vdc, V DS = 0, T a = 100°C) 


- 

1 

2.0 

iuAdc 


*ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (Note 1) 

'DSS 




mAdc 

( V DS = 1 5 Vdc, V GS = 0) 2 N 5668 


1.0 

- 

5.0 


2N5669 


4.0 

- 

10 


2N5670 


8.0 

- 

20 



SMALL-SIGNAL CHARACTERISTICS 


* Forward Transadmittance 
(V DS = 15 Vdc, V GS = 0, f = 1.0 kHz) 

2N5668 

2N5669 

2N5670 

IVftl 

1500 

2000 

3000 

- 

6500 

6500 

7500 

jumhos 

* Forward Transconductance 


Re(yf s ) 




jumhos 

(Vp S = 15 Vdc, V G $ = 0, f = 100 MHz) 

2N5668 


1000 

- 

- 



2N5669 


1600 

- 

- 



2N5670 


2500 

- 

- 


‘Output Admittance 


lYosI 




jumhos 

(Vq S = 1 5 Vdc, V GS = 0, f = 1 .0 kHz) 

2N5668 


- 

- 

20 



2N5669 


- 

- 

50 



2N5670 


- 

- 

75 


‘Output Conductance 


Re(y os ) 




/umhos 

(Vos = 15 Vdc, V GS = 0, f = 100 MHz) 

2N5668 


- 

10 

50 



2N5669 


— 

25 

100 



2N5670 


- 

35 

150 


* Input Conductance 


Re(y is ) 

_ 

125 

800 

jumhos 

(Vqs = 15 Vdc, V GS = 0, f = 100 MHz) 







* Input Capacitance 


^iss 

- 

4.7 

7.0 

pF 

(V D S = 15 Vdc. V GS = 0, f = 1.0 MHz) 







* Reverse Transfer Capacitance 


C-rss 

- 

1.0 

3.0 

pF 

(V D S = 1 5 Vdc, V G S = 0, f = 1 .0 MHz) 







Output Capacitance 


c oss 

- 

1.4 

4.0 

pF 

(V D S = 15 Vdc, V GS = 0, f = 1.0 MHz) 







‘Common Source Noise Figure (Figure 1) 


NF 




dB 

(V D s = 15 Vdc, V GS = 0, f = 100 MHz, at R G > 

= 1.0 k ohm) 




2.5 


Power Gain (Figure 1 ) 


Gps 

16 

- 

- 

dB 

(Vos = 15 Vdc, V GS = 0, f = 100 MHz) 








* Indicates JEDEC Registered Data, excluding typical values. 
Notet: Pulse Test: Pulse With = 100 ms, Duty Cycle 10%. 


FIGURE 1 - 100 MHz, POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
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2n5679,2n5680PNP (silicon) 
2n5681, 2n5682 NPN 


LOW-POWER COMPLEMENTARY 
SILICON TRANSISTORS 


. . . designed for use as a driver for high-power transistors in general- 
purpose amplifier and switching circuit applications. 


High Current-Gain— Bandwidth Product — 
f T = 30 MHz (Min) @ Iq = 100 mAdc 

Low Collector-Emitter Saturation Voltage — 
VcE(sat) = 0.6 Vdc (Max) @ lc = 0.25 Adc 

DC Current Gain Bracketed at 0.25 Adc — 
hpE = 40 (Min) and 150 (Max) 


1 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

100-120 VOLTS 
10 WATTS 



♦MAXIMUM RATINGS 







2N5679 

2N5680 


Rating 

Symbol 

2N5681 

2N5682 

Unit 

Collector-Emitter Voltage 

v CEO 

100 

120 

Vdc 

Collector-Base Voltage 

V CB 

100 

120 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

1.0 

Adc 

Base Current 

•b 

0.5 

Adc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.7 

mW/°C 

Total Power Dissipation @ Tq - 25°C 

p D 

10 

Watts 

Derate above 25°C 


57 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J« T stg 

i 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 





Characteristic 


Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 


R 0JC 

17.5 

°c/w 

Thermal Resistance, Junction to Ambient 


R 0JA 

175 

°c/w 

•Indicates JEDEC Registered Data. 






STYLE 1 : 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

0 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

5.08 BSC 

0.20C 

BSC 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.734 

1.14 

0.029 

0.045 

K 

38.10 

- 

1.500 

- 

L 

"W 

- 

0.250 

- 

M 

45 c 

BSC 

45° 

BSC 

N 

2.54 BSC 

0.100 BSC 

P 

- 

1.27 

- 

0.050 

R 

2.54 

- 

0.100 

- 

S 

- 

0.179 

- 

0.007 


All JEDEC dimensions and notes apply. 
CASE 31-03 
TO-5 
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2N5679, 2N5680 PNP/2N5681, 2N5682 NPN (continued) 


"ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic ! 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


VcEO(sus) 



Vdc 

(l C = 10 mAdc, l B = 0) 

2N5679, 2N5681 


100 

- 



2N5680, 2N5682 


120 

- 


Collector Cutoff Current 


'CEO 



juAdc 

(V CE = 70 Vdc, l B = 0) 


- 

10 


(V CE = 80 Vdc, l B = 0) 



- 

10 


Collector Cutoff Current 


>CEX 




(Vqe = 100 Vdc, V EB(of f) = 1.5 Vdc) 

2N5679, 2N5681 

- 

1.0 

/uAdc 

(V CE = 120 Vdc. V EB ( off ) = 1.5 Vdc) 

2N5680, 2N5682 


- 

1.0 


(V C £ = 100 Vdc, V EB ( off ) = 1.5 Vdc. T c = 150°C) 

2N5679, 2N5681 


- 

1.0 

mAdc 

(V CE = 120 Vdc. V EB ( off ) = 1.5 Vdc. T c = 150°C) 

2N5680, 2N5682 


- 

1.0 


Collector Cutoff Current 


'CBO 



MAdc 

(V CB = 100 Vdc, l E = 0) 

2N5679, 2N5681 


- 

1.0 


(V CB = 120 Vdc, l E =0) 

2N5680, 2 N 5682 


- 

1.0 


Emitter Cutoff Current 


'EBO 

- 

1.0 

MAdc 

(V EB = 4.0 Vdc, Iq = 0) 






ON CHARACTERISTICS 


DC Current Gain 

<I C = 250 mAdc, V CE = 2.0 Vdc) 

(l c = 1.0 Adc, V CE = 2.0 Vdc) 

h FE 

40 

5.0 

150 


Collector-Emitter Saturation Voltage 

V CE (sat) 



Vdc 

(1C = 250 mAdc, l B = 25 mAdc) 


- 

0.6 


(l C = 500 mAdc, l B = 50 mAdc) 


- 

1.0 


(l c = 1.0 Adc, l B = 200 mAdc) 


- 

2.0 


Base-Emitter On Voltage 

v BE(on) 

- 

1.0 

Vdc 

dC = 250 mAdc, V C E = 2.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 100 mAdc, V CE = 10 Vdc, f = 10 MHz 

*T 

30 

- 

- 

Output Capacitance 
(V CB = 20 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

- 

50 

pF 

Small-Signal Current Gain 
( 1 c = 0-2 Adc, V^ E = 1.5 Vdc, f = 1.0 kHz) 

hfe 

40 

- 

- 


‘indicates JE DEC Registered Data. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

D1 Must Be Fast Recovery Type, e.g. ^CC 



For t d and t r , D1 is disconnected and V 2 = 0 

For PNP test circuit, reverse diode and voltage polarities. 
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fj, CURRENT-GAIN BANDWIDTH PRODUCT (MHz) | t, TIME (ns) t, TIME (ns) 



FIGURE 4 - CURRENT-GAIN - BANDWIDTH PRODUCT FIGURE 5 - CAPACITANCE 



1C, COLLECTOR CURRENT (mA) Vr, REVERSE VOLTAGE (VOLTS) 
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2N5679, 2N5680 PNP/2N5681, 2N5682 (continued) 


FIGURE 6 - THERMAL RESISTANCE 



FIGURE 7 - ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 8 - POWER DERATING 




There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 7 is based on Jq = 25°C; is 

variable depending on power level. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tjjpk) <;200°C. Tj{p|<) 
may be calculated from the data in Figure 6. At high case temp- 
eratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figure 7 may be found at any case temperature by using 
the appropriate curve on Figure 8. 
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IB, BASE CURRENT (nA) IQ, COLLECTOR CURRENT <nA) 0v. TEMPERATURE COEFFICIENTS (mV/°C) 










2n5683, 2n5684 PNP (SILICON) 

2n5685, 2n5686 NPN 


HIGH-CURRENT COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for use in high-power amplifier and switching circuit 
applications. 

• High Current Capability - \q Continuous = 50 Amperes. 

• DC Current Gain - 

hFE = 15-60 @ lc = 25 Adc 

• Low Collector-Emitter Saturation Voltage - 

VCE(sat) = TO Vdc (Max) @ \q = 25 Adc 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5683 

2N5685 

2N5684 

2N5686 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5.0 

Vdc 

Collector Current — Continuous 

•c 

50 

Adc 

Base Current 

•b 

15 

Adc 

Total Device Dissipation @ Tq = 25°C 

P D 

300 

Watts 

Derate above 25°C 


1.715 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J<Tstg 

-65 to +200 

°C 


"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.584 

°C/W 


Indicates JEDEC Registered Data. 



50 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
300 WATTS 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 
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2N5683, 2N5684 PNP, 2N5685, 2N5S86 NPN (continued) 


•ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


1 1 1 1 1 1 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Note 1) 
dC = 0.2 Adc, l B = 0) 2N 5683, 2N 5685 

2N5684, 2N5686 

v CEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 

(V CE = 30 Vdc, l B = 0) 2N5683, 2N5685 

(Vq E = 40 Vdc, l B = 0) 2N5684, 2N5686 

'CEO 

- 

1.0 

1.0 

mAdc 


Collector Cutoff Current 
(V CE = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

(V C E = 80 Vdc, V EB ( off ) = 1.5 Vdc) 

(V C £ = 60 Vdc, V EB ( of f) = 1.5 Vdc, Tq = 150°C) 
(V C E = 80 Vdc, V EB(o ff) = 1.5 Vdc, T c = 150°C) 

2N5683, 2N5685 
2N5684, 2N5686 
2N5683, 2N5685 
2N5684, 2N5686 

Collector Cutoff Current 
(V C B = 60 Vdc, l E = 0) 

2N5683, 2N5685 

(V C B = 80 Vdc, l E = 0) 

2N5684, 2N5686 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 


ON CHARACTERISTICS 




DC Current Gam (Note 1) 

(Iq = 25 Adc, V C E = 2.0 Vdc) 

(1C = 50 Adc, V CE = 5.0 Vdc) 
Collector-Emitter Saturation Voltage (Note 1) 
(IC = 25 Adc, l B = 2.5 Adc) 

(l c = 50 Adc, l B = 10 Adc) 

Base-Emitter Saturation Voltage (Note 1) 

(l c = 25 Adc, l B = 2.5 Adc) 


Base-Emitter On Voltage (Note 1) 

(l c = 25 Adc, V CE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product 
(l C = 5.0 Adc, V CE = 10 Vdc, f = 1.0 MHz) 
Output Capacitance 
(V C B = 10 Vdc, l E = 0, f = 0.1 MHz) 
Small-Signal Current Gain 
(Iq * 10 Adc, V CE = 5.0 Vdc, f = 1.0 kHz) 


2N5683, 2N5684 
2N5685, 2N5686 



Indicates JE DEC Registered Data 
Note 1 : Pulse Test: Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc t -30 V 


FIGURE 3 - TURN-ON TIME 


t r <J / _12 V 

20ns i i 

-—I >—-10 to 100 ns 

DUTY CYCLE *2.0% 


Vcc | -30 V 
R L > 


~ U y ' — i [— t r < 20 ns T 

—I i— 10 to 100 ms Vbb*-*.0VX 
DUTY CYCLE = 2.0% 

FOR CURVES OF FIGURES 3 & 6, Rb & Rl ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN CIRCUITS, REVERSE ALL POLARITIES. 
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1C, COLLECTOR CURRENT (AMP) 







2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN (continued) 


FIGURE 4 - THERMAL RESPONSE 


r;o.oi— i — i — 

ffSINGLE PULSE- 


DUTY CYCLE, 0 = ti/t2 


:0JC(O = r(t)OjC 1 . . - 7 
0JC = 0.584°C/W Max M I 

_D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 

- READ TIME AT ti 

-Tj(pk)~Tc = P(pk>0JC(t) 


5.0 

t, TIME (ms) 




FIGURE 5 - 


ACTIVE-REGION SAFE OPERATING AREA 


— j j-T j =200°C 4 1 1 

SECOND BREAKDOWN LIMITED 
BONDING WIRE LIMITED 
THERMALLY LIMITED @ Tc = 25°C = 
(SINGLE PULSE) I 

CURVES APPLY BELOW I 

- RATED VCEO ^ 1 2N5683,2N5685 


[: 500 ju. 

100 p 

s 

3 



- 

s 


1 

0 m 


3 

= 




I 













r 


F 

F 


= 

=3 


A 


- 


, 


II 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 200°C; T q is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j( p k) ^200°C. T j{ p (<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


2N5683, 2N5684 (PNP) 


2N5685, 2N5686 (NPN) 


FIGURE 7 - CAPACITANCE 




I b.U /.U 10 

1C, COLLECTOR CURRENT (AMP) 


2N5683, 2N5684 (PNP) 
2N5685, 2N5686 (NPN) 


0.5 1.0 2.0 5.0 10 

Vr, REVERSE V0 LTAGE (VOLTS) 


IHMHUI 

■Hm 







V, VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN (continued) 


PNP 

2N5683, 2N5684 


I 

FIGURE 8 - DC CURRENT GAIN 


NPN 

2N5685, 2N5686 



IC, COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 9 - COLLECTOR SATURATION REGION 
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2N 


5692 thru 2 n5696 


(GERMANIUM) 


PNP GERMANIUM POWER SWITCHING TRANSISTORS 

. . . designed for high-current, fast-switching applications requiring 
low saturation voltage and excellent safe operating area. 


40 AMPERE "ADE" 
POWER TRANSISTORS 
PNP GERMANIUM 

50-140 VOLTS 
120 WATTS 



MAXIMUM RATINGS 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
- Peak 


Base Current — Continuous 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


V EB 


Tj.Tstg 


2N5692 2NS693 2W5694 2N5695 2N5696 


-120 - 
- 1 .43 - 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

0.7 

°C/W 


'indicates JE DEC Registered Data. 



A 

- S -j 

“f 

E / 

SEATING / 

“r 

4- 

-4 

K 

i STYLE 

PIN 1 
2 
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2N5692 thru 2N5696 (continued) 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

* Collector-Emitter Breakdown Voltage 


bv C eo 



Vdc 

(l c = 0.1 Adc, l B = 0) 

2N5692 


30 

- 



2N5693 


60 

- 



2N5694 


80 

- 



2N5695 


100 

- 



2N5696 


120 

- 


* Collector Cutoff Current 


*CEX1 



mAdc 

(V C E = 50Vdc) Vg E(of f) = 0.2 Vdc 

2N5692 


- 

10 


(V CE = 80 Vdc) 

2N5693 


- 

10 


(V CE = 100Vdc) For 

2N5694 


- 

10 


<V CE = 120Vdc> A||Types 

2N5695 


- 

10 


(V C E = 140 Vdc) 

2N5696 


- 

10 


•Collector Cutoff Current 


•CEX2<D 



mAdc 

(V CE = 50 Vdc) V BE(off) = 0.2 Vdc, T c = +85°C 

2N5692 


- 

30 


(V C E = 80 Vdc) 

2N5693 


- 

30 


(V CE = 100 Vdc) 

2N5694 


- 

30 


(VcE “120 Vdc) All Types 

2N5695 


- 

30 


(Vqe = 140 Vdc) 

2N5696 


- 

30 


•Collector-Emitter Sustaining Voltage (See Figure 3) 


v CEX(sus) 



Vdc 

(l C = 10 Adc) 

2N5692 


50 

— 



2N5693 


80 

- 



2N5694 


100 

- 



2N5695 


120 

- 



2N5696 


140 

- 


(l c = 40 Adc) 

2N5692 


45 

- 



2N5693 


50 

- 



2N5694 


55 

- 



2N5695 


60 

- 



2N5696 


65 

- 


* Collector Cutoff Current 


*CBO 

- 

200 

juAdc 

(V CB = 2.0Vdc, l E = 0) 






* Emitter Cutoff Current 


•ebo 

- 

500 

mAdc 

(V BE = 2.5 Vdc, l c = 0) 







ON CHARACTERISTICS <D 


* DC Current Gain 

(l c = 25 Adc, V CE = 2.0 Vdc) 

(l c = 40 Adc, Vqe = 2.0 Vdc) 

hpE 

20 

10 

65 


* Collector-Emitter Saturation Voltage 
(l c = 60 Adc, l B = 12 Adc) 

v CE(sat) 

- 

0.75 

Vdc 

* Base-Emitter Saturation Voltage 
(l c = 60 Adc, l B = 12 Adc) 

v BE(sat) 

- 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


* Current-Gain— Bandwidth Product 

fT 

200 

- 

kHz 

(l c = 5.0 Adc, V C E = 5.0 Vdc, f = 100 kHz) 






SWITCHING CHARACTERISTICS 


• Rise Time 

(Iq = 25 Adc, l B i = 2.5 Adc, l B 2 = 2.5 Adc) 

(See Figure 2) 

t r 

- 

20 

jUS 

• Storage Time 

ts 

- 

8.0 

MS 

* Fall Time 

tf 

- 

15 

MS 


‘indicates JEDEC Registered Data. 

( 1 )To avoid excessive heating of the collector junction, perform test with pulse method. (PW< 300 jus, DC< 2.0%). 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



FIGURE 3 - CLAMPED INDUCTIVE SAFE 
OPERATING AREA TEST CIRCUIT 

0.04 L (Note 1 ) 0.060 ohms 



£ Set to allow reverse surge current to by pass power supply. Not 
needed for power supply with low reverse impedance. 

NOTE 1. L = 10mHatlc = 10 A 
L = 0.25 mH atlc = 40 A 
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2n5716 (SILICON) 
2n5717 
2n571 8 


SILICON LOW NOISE N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode Junction Field-Effect Transistors designed for 
audio amplifiers in low-power or battery operated applications. 

• Low Zero- Gate-Voltage Drain Current @ Vqs = 15 Vdc — 

IDSS = 50 juAdc to 250 /uAdc - 2N5716 
200/iAdc to 1.0 mAdc — 2N571 7 
800 juAdc to 4.0 mAdc - 2N 57 1 8 

• High Forward Transadmittance @ Vqs = 15 Vdc, f — 1 .0 kHz — 

|yf s |= 350jumhos (Typ) @ Ip = 50 juAdc - 2N5716 
550 jiimhos (Typ) @ lp = 200 juAdc - 2N 571 7 
900/trnhos (Typ) @ \q = 800ptAdc - 2N5718 

• Low Noise Voltage — 

e n = 75 nV/ J ~\ Hz (Max) @ f = 1 .0 kHz 

• Drain and Source Interchangeable 


LOW NOISE 
N-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

e n = 75 nV/ 



►MAXIMUM RATINGS 


Rating 


Drain-Gate Voltage 


Reverse Gate-Source Voltage 


Forward Gate Current, 


Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 


Operating Channel Temperature 


Storage Temperature Range 


Symbol 


V DG 


v gsr 


>GF 


P D 


^channel 


350 

2.8 


mW 

mW/°C 


°C 


°c 


* Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS: 

Maximum Lead Temperature for Soldering: 

240°C, not less than 1/16” from case for 10 s. 


SEATING v P 
PLANE [ 


STYLE 5 

PIN 1 DRAIN 

2 SOURCE 

3 GATE 



iuprr 



MILLIM 

ETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0 125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 1 

0.407 

0.482 

0.016 

0.019 

K 

"1170G 

- 

nr 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

! 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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yfs, FORWARD TRANSFER ADMITTANCE <Mmhos) 


2N5716, 2N5717, 2N5718 (continued) 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

[ Characteristic | Symbol J Min | Max | Unit 


*OFF CHARACTERISTICS 


Gate-Drain Breakdown Voltage 
(ID = 1.0 juAdc, 1$ = 0) 

V (BR)GSS 

40 

- 

Vdc 

Gate-Source Cutoff Voltage 


v GS(off) 



Vdc 

( V D $ = 1 5 Vdc, 1 d = 1 -0 nAdc) 

2N5716 


0.2 

3.0 



2N5717 


0.5 

5.0 



2N5718 


1.0 

8.0 


Gate Reverse Current 


>GSS 




(V GS = 20 Vdc, V DS = 0) 



- 

1.0 

nAdc 

( V GS = 20 Vdc, V DS = 0, T A = 1 00°C) 



- 

1.0 

juAdc 


*ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current (1) 


>DSS 



mAdc 

(V DS =15Vdc,V GS =0) 

2N5716 


0.05 

0.25 



2N5717 


0.2 

1.0 



2N5718 


0.8 

4.0 



SMALL-SIGNAL CHARACTERISTICS 


•Forward Transadmittance (1) 

(V DS = 15 Vdc, V GS = 0,f = 1.0 kHz) 2N5716 

2N5717 

2N5718 

IVfsl 

200 

400 

500 

1000 

1600 

2000 

jumhos 

•Output Admittance 
(Vqs = 1 5 Vdc, V GS = 0, f = 1 .0 MHz) 

Ivos! 


25 

jumhos 

•Input Capacitance 

( V DS = 1 5 Vdc, V GS = 0, f = 1 .0 MHz) 

Ciss 


5.0 

pF 

•Output Capacitance 
(Vqs = 1 5 Vdc, V GS = 0, f = 1 .0 MHz) 

c rss 

— 

1.5 

pF 

Equivalent Short-Circuit Input Noise Voltage 
( V D S = 1 5 Vdc, V GS = 0, f = 1 .0 kHz, BW = 1 .0 Hz) 

e n 

— 

75 

nV^/-H Z 


*lndicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width <^630 ms. Duty Cycle S 10% 


TYPICAL SMALL-SIGNAL CHARACTERISTICS 


FIGURE 1 - FORWARD TRANSFER ADMITTANCE 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

ID, DRAIN CURRENT (mA) 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

Vr, REVERSE VOLTAGE (VOLTS) 
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EQUIVALENT INPUT NOISE VOLTAGE 


2N5716, 2N5717, 2IM5718 (continued) 


NOISE DATA 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

f, FREQUENCY (kHz) 


In a junction field-effect transistor, the current flow is due to 
carrier drift, therefore total noise at the input may be expressed as 


where Vy = total noise voltage at the FET input (volts/ sj Hz) 
e n = noise voltage of the FET referred to the input 
(Figure 3). 

K = Boltzman’s constant (1.38 x 10 j/°K) 

T = temperature of the source resistance (°K) 

R$ = source resistance (ohms) 

Example: 

Find the total noise at the input of a 2N5716 FET with a 
source impedance of 10 kilohms at a frequency of 1.0 kHz 
and at a temperature of 25°C. 

Read e n = 20.5 n V/ n/~ Hz from Figure 3. (Note that this is for 
a one cycle bandwidth). 

Vy = [(20.5x10~ 9 ) 2 + (4)(1.38x10~ 23 (300)(1x10 4 )] 1/2 
= 24.2 nV/v /~ -\z 

Noise over a frequency band can be handled in one of two ways 
depending upon whether FET noise is constant or variable over 
the bandwidth of interest. 

1. For constant FET noise, multiply Vy by the square root 
of bandwidth, i.e., V'y = Vy • Af 1/2 

2. Forvariable FET noise, plot V'y (where Af = 1.0 Hz) versus 
frequency over the bandwidth and integrate the result. 

Total noise voltage at the output of the FET stage can be found 
by multiplying Vy by the voltage gain of the stage. 


V T ~ [<= 2 n + 4KTR s ] '' 2 


FIGURE 4 - LOW FREQUENCY CIRCUIT MODEL 



Yis ~ jco C iss 
Yos = 1/ r oss + |co C 0 ss 
Vfs = IVfsl 
Yrs = -|<*> Crss 

Ci$s = Cgd + Cgs 
Crss = Cgd 

Cqss = Cgd + Cds- ^ds 15 0 
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ID, DRAIN CURRENT (mA) 


2N5716, 2N5717, 2N5718 (continued) 

TYPICAL LIMIT TRANSFER CHARACTERISTICS 

(Temperatures Noted are T c h anne |) 




VqS, GATE SOURCE VOLTAGE (VOLTS) VGS, GATE SOURCE VOLTAGE (VOLTS) 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 


VGS, GATE SOURCE VOLTAGE (VOLTS) 



2N 5745 (SILICON) 

For Specifications, See 2N4398, Volume I. 
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2N5758, 2N5759, 2N5760 (continued) 


•ELECTRICAL CHARACTERISTICS (Tc - 2S°C unless otherwise noted) 


| Characteristic 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l C = 200 mAdc, l B = 0 


Collector Cutoff Current 
(V CE =50 Vdc, l B = 0) 

(V CE =60 Vdc. I B = 0) 

(V C E = 70 Vdc, l B =0) 

Collector Cutoff Current 

(V C E = Rated V CB . V BE(off ) = 1.5 Vdc) 

(V CE = Rated V CB > V BE(off ) = 1.5 Vdc, T c = 150°C) 


Symbol 


v CEO(sus) 


2N5758 

2N5759 

2N5760 


100 

120 

140 

2N5758 

•CEO 


2N5759 


- 

2N5760 


- 


Collector Cutoff Current 
(Vc B = Rated Vc B , Ie = 

Emitter Cutoff Current 
(V B e = 7.0 Vdc, l C = 0) 

ON CHARACTERISTICS (1) 
I DC Current Gain 


(I C = 3.0 Adc, V CE = 2.0 Vdc) 

2N5758 

25 

100 



2N5759 

20 

80 



2N5760 

15 

60 


(lC = 6.0 Adc, V CE = 2.0 Vdc) 

All Types 

5.0 

- 


Collector- Emitter Saturation Voltage 

v CE(sat) 



Vdc 

<l c = 3.0 Adc, l B = 0.3 Adc) 


- 

1.0 


(lC - 6.0 Adc, l B = 1.2 Adc) 


- 

2.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 3.0 Adc, V C E = 2.0 Vdc) 


- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 0.5 Adc, V C E = 20 Vdc, f test = 0.5 MHz) 

h 

1.0 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

_ 

300 

pF 

Small-Signal Current Gain 

(lC = 2.0 Adc, V CE = 10 Vdc. f = 1.0 kHz) 

hfe 

15 

- 



* Indicates JEDEC Registered Data 

( 1 ) Pulse T est: Pulse Width ^ 300 us, Duty Cycle ^ 2.0% 

(2) f T =|h fe | • f test 


FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 


FIGURE 3 - TURN-ON TIME 



t r , tf <:10 ns 
DUTY CYCLE = 1.0% 



B and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE 1 b =100 mA 
MSD6100 USED BELOW l B *100 mA 



0.2 0.4 0.6 1.0 2.0 

1C, COLLECTOR CURRENT (AMP) 






2N5758, 2N5759, 2N5760 (continued) 


FIGURE 4 - THERMAL RESPONSE 




SINGLE PULSE 

—h P fti-H 


DUTY CYCLE, D=t]/t2 


PULSE TRAIN SHOWN 
“ READ TIME At t j ~ J — |~ | ~ j ~[ ~ 

II Tj(pk) - Tc = P(pk) 0JC(t) 

JJ I | I I 1— L 

100 200 300 500 II 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


- ~Z i r 5.0 ms_ 




- BONDING W 

- LIMITED + 
-THERMALL' 
-@Tc = 25°C 

- SECOND BRI 
~ CURVES APf 
_ RATED VCE 


20 30 bU /U 1UU L 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


—^0.05 ms- 
*0.1 ms — |— 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate I q — Vce l imits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj^k) = 200; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<)<l 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


FIGURE 6 - TURN-OFF TIME 
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FIGURE 7 - CAPACITANCE 
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2N5758, 2N5759, 2N5760 (continued) 


FIGURE 8 - DC CURRENT GAIN 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 10 - "ON" VOLTAGE 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 
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FIGURE 12 - COLLECTOR CUT OFF REGION 


FIGURE 13- EFFECTS OF BASE-EMITTER RESISTANCE 



■mim 

B 

« 

m 

ISSfBBHSjBFj 


STm 

ssa 

B 

ISSS33S5S 

|ga 

as 

B 

B 

IsshbP 

mSSSmmSSSmmmmm 

mmmmwmm 

B 

B 

B 

— ssss 

■HIHKaBI 

— 

— 

ass 



= 

m 


.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 +0.6 

Vbe. BASE-EMITTER VOLTAGE (VOLTS) 





■B 

mn 


■BI 

■■ 


nlHEan 

ml 

b[ 

■BHIKSn 


IS 

55 

EE 

EEEEEEE 



s 




55 

m 

mmmm 


ml 

55 






mmlHBmmsnHi 



ii 

ii 

ii 

ii 

i 

» 

a 


40 60 80 100 12 

Tj, JUNCTION TEMPERATURE (°C) 








2n5777 thru 2N 5780 (SILICON) 

MRD14B 


PLASTIC i\IPN SILICON PHOTO 
DARLINGTON AMPLIFIERS 


. . . designed for applications in industrial inspection, processing and 
control, counters, sorters, switching and logic circuits or any design re- 
quiring extremely high radiation sensitivity, and stable characteristics. 

• Economical Plastic Package 

• Sensitive Throughout Visible and Near Infra-Red Spectral Range 

for Wide Application 

• Range of Radiation Sensitivities and Voltages for Design Flexibility 

• TO-92 Clear Plastic Package for Standard Mounting 

• Annular Passivated Structure for Stability and Reliability 

• Precision Die Placement 


MAXIMUM RATINGS 

Rating 

Symbol 

MRD14B 

2N5777* 

2N5779 

2N5778* 

2N5780 

Unit 

Collector-Emitter Voltage 

v CEO 

12 

25 

40 

Volts 

Collector-Base Voltage 

v CBO 

18 

25 

40 

Volts 

Emitter-Base Voltage 

v EBO 

8.0 

8.0 

12 

Volts 

Light Current 

'L 

250 — 

mA 

Total Device Dissipation @ Ty\ = 25°C 
Derate above 25°C 

p D 

200 ► 

2.67 ► 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj.T stg m 

-65 to +100 

°C 

•Indicates JE DEC Registered Data. 

(1 ) Heat Sink should be applied to leads during soldering to prevent case temperature 
from exceeding 100°C. 
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2IM5777 thru 2N5780/MRD14B (continued) 


* STATIC ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Dark Current (Note 2) 

•CEO 

_ 

_ 

0.1 

PA 

(V C E = 12 V) 






Collector-Emitter Breakdown Voltage (Note 2) 

bvceo 




Volts 

(IC = 10mA) MRD14B 


12 

- 

- 


2N5777, 2N5779 


25 

- 

- 


2N5778, 2N5780 


40 


- 


Collector-Base Breakdown Voltage (Note 2) 

bvcbo 




Volts 

(IC = 100mA) MRD14B 


18 

- 

- 


2N5777, 2N5779 


25 

- 

- 


2N5778, 2N5780 


40 

- 

- 


Emitter-Base Breakdown Voltage (Note 2) 

bvebo 




Volts 

(Ie = 100mA) MRD14B 


8.0 

- 

_ 


2N5777, 2N5779 


8.0 

- 

- 


2N5778, 2N5780 


12 





* OPTICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Light Current (Notes 1,4,5) 

- 

'L 




mA 

(V C E = 5.0V) MRD14B 



0.5 

2.0 

- 


2N5777, 2N5778 



0.5 

4.0 

- 


2N5779, 2N5780 



2.0 

8.0 

- 


DC Current Gain (Note 2) 

- 

h FE 




- 

(V C E = 5.0 V, l C = 0.5 mA) 2N5777, 2N5778 



2.5 k 

- 

- 


2N5779, 2N5780 



5.0 k 

- 

- 


Wave Length of Maximum Sensitivity 

1 

*-s 

0.7 

0.8 

1.0 

pm 

Turn-On Delay Time (Notes 3, 4) 

2,3 

tdl 

- 

- 

100 

MS 

Rise Time (Notes 3, 4) 

2,3 

t r 

- 

- 

250 

MS 

Turn-Off Delay Time (Notes 3, 4) 

2,3 

f d2 

- 

- 

5.0 

MS 

Fall Time (Notes 3, 4) 

2,3 

tf 

- 

- 

150 

MS 

Collector-Base Capacitance 

- 

Ccb 




pF 

( V C8 = 10 V, f = 1 .0 MHz, l E = 0) 2N5777 thru 2N5780 




- 

10 



‘Indicates JEDEC Registered Data. 

NOTES: 

1. Radiation Flux Density (H) equal to 2.0 mW/cm^ emitted from 
a tungsten source at a color temperature of 2870 K. 

2. Measured under dark conditions. (H%0). 

3. For unsaturated rise time measurements, radiation is provided by 
a pulsed GaAs (gallium-arsenide) light-emitting diode (X 0.9 


Mm) with a pulse width equal to or greater than 500 micro- 
seconds (see Figures 2 and 3). 

4. Measurement mode with no electrical connection to the 
base lead. 

5. Die faces curved side of package. 


FIGURE 2 - PULSE RESPONSE TEST CIRCUIT 


FIGURE 3 - PULSE RESPONSE TEST WAVEFORM 
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2n5793 (SILICON) 

2n5794 


DUAL NPN SILICON ANNULAR TRANSISTORS 

. . . designed for high-speed switching circuits, dc to VHF amplifier 
applications and complementary circuitry to the PNP 2N5795 and 
2N5796. 

• DC Current Gain Specified — 0.1 mAdc to 300 mAdc 
® Low Collector-Emitter Saturation Voltage — 

v CE(sat) = O- 3 Vdc (Max) @ \q = 150 mAdc 

• All Leads Electrically Isolated for Design Flexibility 

• Each Transistor Similar to 2N2218A or 2N2219A 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

75 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

>C 

600 

mAdc 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +200 

°C 



One 

Die 

Both Die 
Equal 
Power 


Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

PD 

500 

2.9 

600 

3.4 

mW 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

1.2 

6.9 

2.0 

11.43 

Watts 

mW/°C 


^Indicates JEDEC Registered Data. 


NPN SILICON 
DUAL TRANSISTORS 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

5 

7.75 

8.51 

0.305 

0.335 

He -1 

3.81 

4.70 

0.150 

0.185 

D 

0.41 

0.53 

0.016 

0.021 

G 

5.08 BSC 

0.200 BSC 

H 

0.71 

0.86 

0.028 

0.034 

J 

0.74 

1.14 

0.029 

0.045 

K 

12.70 

- 

0.500 

- 

M 

45° BSC 

45° BSC 

N 

2.54 BSC 

0.100 BSC 


CASE 654-07 
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2N5793, 2N5794 (continued) 

"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

Oc = 10 mAdc, 1 b = 0) 

bv CEO 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
( 1 q = 10 n Adc, 1 E = 0) 

BVcbO 

75 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 ^Adc, 1 c = 0) 

bv EBO 

6.0 

- 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E =0) 

•CBO 

. ! 

10 

nAdc 

Emitter Cutoff Current 
(V EB = 4.0 Vdc, l C = 0) 

•ebo 


10 

nAdc 

Collector 1 to Collector 2 Leakage Current 
< v 1C-2C = ±50 Vdc) 

'C1-C2 


±1.0 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 


h FE 



- 

(1C = 100 MAdc, V CE = 10 Vdc) 

2N5793 

20 

- 



2N5794 


35 

- 


OC = 1.0 mAdc, V CE = 10 Vdc) 

2N5793 


25 

- 



2N5794 


50 

- 


0 C = 10 mAdc, V CE = 10 Vdc)(1) 

2N5793 


35 

- 



2N5794 


75 

- 


OC = 150 mAdc, V C E = 10 Vdc)(1) 

2N5793 


20 

_ 



2N5794 


50 

- 


OC = 150 mAdc, V CE = 10 Vdc)(1) 

2N5793 


40 

120 



2N5794 


100 

300 


(l c = 300 mAdc, V CE = 10 Vdc)(1) 

2N5793 

1 

25 

- 



2N5794 


40 



Collector-Emitter Saturation Voltaged) 


VCE(sat) 



Vdc 

Oc = 150 mAdc, lg = 15 mAdc) 



- 

0.3 


Oc = 300 mAdc, lg = 30 mAdc) 



- 

0.9 


Base-Emitter Saturation Voltage! 1) 


v BE(sat) 



Vdc 

Oc =150 mAdc, lg = 15 mAdc) 



0.6 

1.2 


Oc = 300 mAdc, lg = 30 mAdc) 



- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

Oc = 20 mAdc, V C E = 20 Vdc, f = 100 MHz) 


250 

- 

MHz 

Collector-Base Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

Ccb 

- 

8.0 

pF 

Emitter-Base Capacitance 
(V EB = 0.5 Vdc, l c = 0, f = 100 kHz) 

Ceb 


25 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V CC = 30 Vdc, Vg E . !off ) = 0.5 Vdc, 
lc = 150 mAdc, lg-| = 15 mAdc) 

(See Figure 1 ) 

td 


15 

ns 

Rise Time 

tr 


30 

ns 

Storage Time 

(Vcc = 30 Vdc, l c = 150 mAdc, 

1 B 1 = *B2 “ 15 mAdc) 

(See Figure 2) 

t S 

- 

250 

ns 

Fall Time 

" 

: 

" 

60 

ns 


‘Indicates JE DEC Registered Data. 

( 1 )Pulse Test: Pulse Width ^ 300 ns, Duty Cycle ^ 2.0%. 

(2)fy is defined as the frequency at which |hf e | extrapolates to unity. 

FIGURE 1 - TURN-ON TIME TEST FIGURE 2 - TURN OFF TIME TEST CIRCUIT 




*Cs is total shunt capacitance of oscilloscope and test fixture 
Rq includes oscilloscope resistance. 


2-267 







2n5795 (SILICON) 
2n5796 


DUAL PNP SILICON ANNULAR TRANSISTORS 

. . . designed for high-speed switching circuits, dc to VHF amplifier 
applications and complementary circuits with the NPN 2N5793 and 
2N5794. 

• DC Current Gain Specified — 0.1 mAdc to 500 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-4 Vdc (Max) @ lc = 150 mAdc 

• All Leads Electrically Isolated for Design Flexibility 

• Each T ransistor Similar to 2N2904A or 2N2905A 


"MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

<C 

600 

mAdc 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +200 

°C 



One 

Die 

Both Die 
Equal 
Power 


Total Power Dissipation @ = 25°C 

PD 

500 


600 

mW 

Derate above 25°C 


2.9 


3.4 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.2 


2.0 

Watts 

Derate above 25 a C 


6.9 


11.43 

mW/°C 

‘Indicates JEDEC Registered Data. 


FIGURE 1 - SATURATED SWITCHING TIMES TEST CIRCUIT 



PNP SILICON 
DUAL TRANSISTORS 




STYLE 1: 

PIN 1. COLLECTOR 

2. BASE 

3. EMITTER 

4. OMITTED 

5. EMITTER 

6. BASE 

7. COLLECTOR 

8. OMITTED 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

0 

0.41 

0.53 

0.016 

0.021 

G 

5.08 

BSC 

0.20C 

BSC 

H 

0.71 

0.86 

0.028 

0.034 

J 

0.74 

1.14 

0.029 

0.045 

K 

12.70 

- 

0.500 

- 

M 

45° BSC 

45° 

BSC 

N 

2.54 BSC 

0.100 BSC 
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2N5795, 2N5796 (continued) 


^ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(1C = 10mAdc ( l B = 0) 

bvqeo 

60 


Vdc 

Collector-Base Breakdown Voltage 
(l C = lOjuAdc, l E = 0) 

BVcbO 

60 


Vdc 

Emitter-Base Breakdown Voltage 
(lE = lOjuAdc, l C = 0) 

bv EB o 

5.0 


Vdc 

Collector Cutoff Current 
(V CB - 50 Vdc, l E = 0) 

'CBO 

— 

20 

nAdc 

Emitter Cutoff Current 
(V EB = 3.0 Vdc, l c = 0) 

*EBO 


100 

nAdc 

Collector 1 to Collector 2 Leakage Current 
(V-JC-2C = —50 Vdc) 

>01-02 

' 

±1.0 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 


h FE 



- 

OC = 100 juAdc, V CE = 10 Vdc) 

2N5795 


40 

- 



2N5796 


75 

- 


(1C = 1 -0 mAdc, V CE = 10 Vdc) 

2N5795 


40 

- 



2N5796 


100 

- 


(l c = 10 mAdc, V CE - 10 Vdc) (1 ) 

2N5795 


40 

- 



2N5796 


100 

- 


(1C = 150 mAdc, V C £ 1-0 Vdc)(1) 

2N5795 


20 

- 



2N5796 


50 

- 


(l c = 150 mAdc, V CE = 10 Vdc)(1) 

2N5795 


40 

120 



2N5796 


100 

300 


(l c = 500 mAdc, V C E = 10 Vdc)(1) 

2N5795 


40 

- 



2N5796 


50 

- 


Collector-Emitter Saturation Voltaged ) 


v CE(sat) 



Vdc 

(Iq = 150 mAdc, l B = 15 mAdc) 



- 

0.4 


Oc = 500 mAdc, l B = 50 mAdc) 



- 

1.6 


Base-Emitter Saturation Voltaged) 


v BE(sat) 



Vdc 

Oc = 150 mAdc, l B = 15 mAdc) 



- 

1.3 


Oc = 500 mAdc, l B = 50 mAdc) 



- 

2.6 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

Oc = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 

*T 

200 

- 

MHz 

Collector-Base Capacitance 
(V C B = 10 Vdc, l E = 0, f = 100 kHz) 

^cb 

— 

8.0 

pF 

Emitter-Base Capacitance 
(V EB = 2.0 Vdc, l c = 0, f = 100 kHz) 

c eb 

~ 

30 

PF 


SWITCHING CHARACTERISTICS (See Figure 1) 


Delay Time 

(V CC = 30 Vdc, V BE ( 0 ff) = 0.5 Vdc, 

Id 

- 

12 

ns 

Rise Time 

lc = 150 mAdc, l E i = 15 mAdc) 

tr 

- 

35 

ns 

Storage Time 

(V C C = 30 Vdc, lc - 150 mAdc, 

Is 

- 

100 

ns 

Fall Time 

>B1 ~ 1 B2 = 15 mAdc) 

tf 

- 

40 

ns 


‘Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <300 jus, Duty Cycle <2.0% 

(2) fy is defined as the frequency at which |hf e j extrapolates to unity. 
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2n5797 (SILICON) 

thru 


2n5800 


SfLSCON P-CHANNEL 
JUNCTION FIELD EFFECT TRANSISTORS 


Symmetrical depletion mode Junction Field-Effect Transistors de- 
signed primarily for low-power, audio amplifier applications. 

• Low Reverse Transfer Capacitance — 

C rs s = 1.0 pF (Max) 

• Drain and Source Interchangeable 

• Low Gate Reverse Current — 

*GSS = TO nAdc (Max) 

• Unibloc Plastic Package Encapsulation 


P-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 


"MAXIMUM RATINGS 


Rating 


Drain-Source Voltage 


Drain-Gate Voltage 


Reverse Gate-Source Voltage 


Forward Gate Current 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


V DS 


V DG 


V GSR 


T jTstg 


350 

2.8 


mW 

mW/°C 


°C 


* Indicates JEDEC Registered Data. 



SEATING 

PLANE 


r 


u y u 

PIN 1. SOURCE — H L 

2. DRAIN L 

3. GATE 


T e 



INCHES 

MILLIMETERS 

DIM 

MIN 

MAX 

MIN 

MAX 

C 

0.175 

0.185 

4.450 

4.700 

D 

0.016 1 

0.019 

0.407 

0.482 

E 

5° N0M 

5° NOM 

G 

0.045 

0.055 

1.150 

1.390 

J 

0.085 

0.095 

2.160 

2.420 

K 

0.500 

- 

12.700 

- 

L 

0.050 TP 

1.270 TP 

M 

0.003 | 0.013“ 

0.076 | 0.330 


CASE 29-01 
TO-92 
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2N5797 thru 2N5800 (continued) 


♦ELECTRICAL CHARACTERISTICS (T a = 25°C unless oth 


Characteristic 


OFF CHARACTERISTIC 


Gate-Source Breakdown Voltage 
(l G = 10/uAdc, V DS = 0) 

Gate-Source Cutoff Voltage 

(V D s = ~ 15 Vdc - 'D = -1°MAdc) 2N5797 

2N5798 

2N5799 

2N5800 


Gate Reverse Current 

( V GS = 20 Vdc, V DS - 0) 

(V GS = 20 Vdc, V DS = 0, T A = 100°C) 

ON CHARACTERISTICS 


Zero Gate Voltage Drain Current 

(V DS = -15Vdc, V GS =0) 2N5797 

2N5798 

2N5799 

2N5800 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (1) 

(' V DS = -1 5 Vdc, V GS = 0, f = 1 .0 kHz) 2N5797 

2N5798 

2N5799 

2N5800 

Output Admittance ( 1 ) 

( V DS = -15 Vdc, V GS = 0, f = 1.0 kHz) 2N5797 

2N5798 

2N5799 

2N5800 


Input Capacitance 

(V D s ^ -15 Vdc, V GS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 

(V DS = -15 Vdc, V GS = 0, f = 1.0 MHz) 

Common-Source Noise Figure 

(Vqs = -15 Vdc, Vqs = 0, Rg = 1.0 Megohm, f = 1.0 kHz, 
BW =1.0 Hz) 

Equivalent Short-Circuit Input Noise Voltage 

(V DS = -15 Vdc, V GS = 0, f = 1.0 kHz, BW = 1.0 Hz) 


"Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 360 ms, Duty Cycle = 2.0%. 


noted) 


Symbol { Min | Max | Unit | 



V (BR)GSS 

40 

__ 

Vdc 


v GS(off) 








H H 










■ 


•gss 


mm 




- 

ira 




mm 

















Ivfsl 

60 

225 

mmhos 



100 

400 




160 

500 




250 

700 









- 





- 





- 




^iss 

_ 

5.0 

pF 


c rss 

_ 

1.0 

pF 


NF 

- 

2.5 

dB 


e n 

- 

110 

nV/JTI? 
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Id, drain CURRENT (mA) | D , DRAIN CURRENT (//A) 


2N5797 thru 2N5800 (continued) 


FIGURE 6 - 2N5797 


TYPICAL LIMIT TRANSFER CHARACTERISTICS 
(TEMPERATURES NOTED ARE Tj) 

5797 FIGURE 7 - 2N5798 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

Vgs, GATE SOURCE VOLTAGE (VOLTS) 



Vgs, GATE SOURCE VOLTAGE (VOLTS) 


FIGURE 8 - 2N5799 


FIGURE 9- 2N5800 



2.4 2.8 3.2 

vgs, gate source voltage (volts) 




“i r 

-VDS= 15 v 



0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.f 

vgs, gate source voltage (volts) 


.5829 


For Specifications, See 2N4957 Data, Volume I. 
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2n5835 (SILICON) 

2n5836 

2n5837 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


. . . designed primarily for use in fast current-mode switching circuits 
in military and industrial equipment. Suitable for use in general 
high-frequency amplifier applications to 1 .5 GHz. 

• High Current-Gain— Bandwidth Product — 

fj = 2.5GHz (Min) @ lc= lOmAdc - 2N5835 
2.0 GHz (Min) @ lc = 50 mAdc - 2N5836 
1 .7 GHz (Min) @ l C = 100 mAdc - 2N5837 

• Fast Non-Saturated Switching Times — 

t r = 250 ps (Typ) @ I c = 1 0 mAdc - 2N5835 

320 ps (Typ) @ l c = 50 mAdc - 2N5836 

650 ps (Typ) @ lc = 100 mAdc - 2N5837 

• Characterized with Scattering Parameters 


*MAXIMUM RATINGS 


Rating 

Symbol 

2N5835 

2N5836 

2ISI5837 

Unit 

Collector-Emitter Voltage 

v CEO 

10 

10 

5.0 

Vdc 

Collector-Base Voltage 

V CB 

15 

15 

10 

Vdc 

Emitter-Base Voltage 

Veb 

3.5 

3.5 

3.5 

Vdc 

Collector Current — Continucjus 

>c 

15 

200 

300 

mAdc 

Total Device Dissipation @T/\ = 25°C 

Pd 

200 

- 

- 

mW 

Derate above 25°C 


1.14 

- 

- 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Pd 

- 

2.0 

Watts 

Derate above 25°C 


- 

11.43 

mW/°C 

Storage Junction Temperature Range 

T stg 


-65 to +200 — 

°C 


Indicates JEDEC Registered Data. 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

1.65 

2.16 

0.065 

0.085 

D 

0.406 

0.533 

0.016 

0.021 

E 

- 

1.02 

- 

0.040 

F 

0.305 

0.483 

0.012 

0.019 

G 

2.54 BSC 

0.100 

ISC 

H 

0.914 

1.17 

0.036 

0.046 

J 

0.711 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° BS 

C 

45° BSC 

N 

1.27 BSC 

0.050 

3SC 

P 

| 1.27 

- 

0.050 


NPN SILICON 
HIGH-FREQUENCY 
TRANSISTORS 





STYLE 1 

PIN 1. EMITTER . — II— D 

2. BASE 

3. COLLECTOR 

4. CASE 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

0 

0.41 

0.53 

0.016 

0.021 

E 

- 

0.76 

- 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

_ 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45°BSC 

45 s 

1 BSC 

N 

1.27 BSC 

0.050 BSC 

P 

1 1.27 

- 1 0.050 


ALL JEDEC dimensions and notes apply 

CASE 20-03 
TO-72 
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2N5835, 2N5836, 2N5837 (continued) 


"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(l C - 10 AiAdc, l E * 0) 

2N5835 

bv cb0 

■■ 

_ 

_ 

Vdc 

(Iq - 100 n Adc, 1 E = 0) 

2N5836 

2N5837 



_ 

- 


Emitter-Base Breakdown Voltage 
<I E » 100 /it Adc, l C »0) 

bv eb0 

3.5 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 7.5 Vdc, l E = 0) 

2N5835 

'CBO 

_ 

_ 

0.01 

juAdc 

(V CB = 10 Vdc, l E = 0) 

2N5836 


- 

- 

10 


(V CB = 5.0 Vdc, l E = 0) 

2N5837 


- 

- 

10 


Emitter Cutoff Current 
(V EB = 3.0 Vdc, l C = 0) 

'EBO 

- 

— 

100 

juAdc 


ON CHARACTERISTICS 


DC Current Gain 

(l C = 10 mAdc, V C E = 6.0 Vdc) 

(lC = 50 mAdc, V CE = 6.0 Vdc) 

< 1 c = 100 mAdc, V CE = 3.0 Vdc) 

2N5835 

2N5836 

2N5837 

hpE 

25 

25 

25 

- 

- 


Base-Emitter On Voltage 


VBE(on) 




Vdc 

(l C = 10 mAdc, V CE = 6.0 Vdc) 

2N5835 


- 

- 

0.9 


(l c = 50 mAdc, V CE = 6.0 Vdc) 

2N5836 


- 

- 

0.9 


(l C = 100 mAdc, Vqe = 3.0 Vdc) 

2N5837 


- 

- 

0.9 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (J) 

(l C = 10 mAdc, V CE = 6.0 Vdc, f = 200 MHz) 

(l C = 50 mAdc, V CE = 6.0 Vdc, f = 200 MHz) 

(l c = 100 mAdc, V CE = 3.0 Vdc, f = 200 MHz) 

2N5835 

2N5836 

2N5837 


2.5 

2.0 

1.7 

- 

- 

■ 

Collector-Base Capacitance 


■ 





(V C b = 10 Vdc, l E = 0, f = 0.1 to 1.0 MHz) 

2N5835 

mm ■ 

- 

- 




2N5836 


- 

- 



(Vcb = 5.0 Vdc, l E = 0, f = 0.1 to 1.0 MHz) 

2N5837 


- 

- 



Collector-Base Time Constant Q> 




mam 

■ ■ 


Oc -10 mAdc, Vqe = 6.0 Vdc, f = 63.6 MHz) 

2 N 5835 

■ 

- 

■ | 



(l C = 50 mAdc, V C E = 6.0 Vdc, f = 63.6 MHz) 

2N5836 


- 


B 


(1C = 100 mAdc, V C E = 3.0 Vdc, f = 63.6 MHz) 

2N5837 


- 

6.0 

MB 



SWITCHING CHARACTERISTICS (2) 


Rise Time (See Figure 1) 

(lc = 10 mAdc) 

2N5835 

tr 

- 

250 

- 

ps 


(lc - 40 mAdc) 

2N5836 


- 

320 

- 



Oc =100 mAdc) 

2N5837 


- 

650 

- 



Indicates JEDEC Registered Data 

T is defined as the frequency at which |hf e | extrapolates to unity. 
Typical values shown in addition to JEDEC Registered Data. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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2N5835, 2N5836, 2N5837 (continued) 


FIGURE 2 - SWITCHING TIME 



1C, COLLECTOR CURRENT (mAdc) 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 



1C, COLLECTOR CURRENT (mAdc) 



2 -: 


C c b, COLLECTOR-BASE CAPACITANCE (pF) fy, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) fy, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 

5.0 

4.0 

3.0 

2.0 

1.0 

0 

l.o 2.0 3.0 5.0 7.0 10 20 30 

1C, COLLECTOR CURRENT (mAdc) 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0 

10 20 30 50 70 100 200 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 5 - CURRENT-GAIN-BANDWIDTH PRODUCT 



















2N5835, 2N5836, 2N5837 (continued) 


2N5837 SCATTERING PARAMETERS 

{1C = 100 mAdc, Vce = 3.0 Vdc, Zq = Z|_ = 50 Ohms) 

FIGURE 16 — S*i *j, INPUT REFLECTION COEFFICIENT FIGURE 17 - S 2 2. OUTPUT REFLECTION COEFFICIENT 



FIGURE 18 - S 12 , REVERSE TRANSMISSION COEFFICIENT 


FIGURE 19 - S 2 i, FORWARD TRANSMISSION COEFFICIENT 



!n5841 (SILICON) 

!n5842 


NPN SILICON RF TRANSISTORS 

. . . designed to provide ultra-fast switching times in current-mode 
circuits at collector currents to 80 mAdc. 

• High Current-Gain— Bandwidth Product — @ Iq = 25 mAdc 

fy = 2.2 GHz (Min) 2N5841 
1.7 GHz (Min) 2N5842 

• Low Collector-Base Capacitance — 

C c b = 1 .5 pF (Max) @ Vqb = 4.0 Vdc 

• Fast Non-Saturated Switching Times — @ Iq = 30 mAdc 

Typical Values 
td(on) = 0.4 ns 
t r = 0.18 ns 

td(off)= 0.3 ns 
tf = 0.20 ns 


NPN SILICON 
RF TRANSISTORS 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

10 

Vdc 

Collector-Base Voltage 

V CB 

20 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

<C 

100 

mAdc 

Total Device Dissipation @ Tq = 25°C 

PD 

350 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 


Temperature Range 


'Indicates JEDEC Registered Data. 


STYLE 10 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

4. CASE 




DIM 

MILLIMETERS 
MIN | MAX 

INCHES 
MIN I MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

n.7io 

0 

0.41 

0.53 

0.016 

0.021 

E 

_ 

0.76 

- 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

H 

2.54 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45°BSC 

45 15 

1 BSC 

N 

1.27 BSC 

0.050 BSC 

P 

- 

1.27 

- 

0.050 


AL L J ED EC dimensions and notes apply 
CASE 20-03 



Zl\lb841, 2IM5842 (continued) 


"ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(l C = 5.0 mAdc, l B = 0) 

v CEO(sus) 

10 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(1C = 100 MAdc, l E = 0) 

BVcbO 

20 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, l c = 0) 

bv ebo 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 10 Vdc, l E = 0) 

>CBO 

- 

~ 

20 

nAdc 

Emitter Cutoff Current 
(V B £ = 2.5 Vdc, l C = 0) 

*EBO 

- 

- 

100 

MAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 25 mAdc, V CE = 4.0 Vdc) 2N5841 

2N5842 

h FE 

25 

25 

- 

200 

250 


Base-Emitter On Voltage 

(l c = 25 mAdc, V CE = 4.0 Vdc) 

v BE(on) 

- 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 10 mAdc, V CE = 4.0 Vdc, f = 200 MHz) 2N5841 

2N5842 

OC = 25 mAdc, V CE = 4.0 Vdc, f = 200 MHz) 2N5841 

2N5842 

(l c - 50 mAdc, V CE - 4.0 Vdc, f = 200 MHz) 2N5841 

2N5842 

*T 

2.0 

2.2 

1.7 

2.6 

2.0 

2.7 

2.0 

2.2 

1.5 

- 

GHz 

Collector-Base Capacitance 

^cb 

- 

0.9 

1.5 

pF 

(V CB = 4.0 Vdc, l E = 0, f = 100 MHz) 






Emitter-Base Capacitance 

^eb 

- 

0.7 

1.1 

pF 

( V EB = 0.5 Vdc, l c = 0, f - 100 MHz) 






Collector-Base Time Constant 

r b C c 




ps 

(l C = 25 nAdc, V CE - 4.0 Vdc, f = 31.8 MHz) 2N5841 


- 

18 

25 


2N5842 


- 

25 

40 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time 

(l C - 30 mAdc) 

tdfon) 

- 

0.40 

- 

ns 

Rise Time 

t r 

- 

0.18 

- 

ns 

Turn-Off Delay Time 

(l c = 30 mAdc) 

tdloff) 

- 

0.30 

- 

ns 

Fall Time 

tf 

- 

0.20 

- 

ns 


’Indicates JEDEC Registered Data 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 



Vj n and V 0 ut are attenuated 20: 1 at scope inputs. Before attenuation, Vj n = V ou t = 1 .0 V. 
Qref is a transistor of the same type as the transistor under test. 


*C 

mA 

Re 

Ohms 

Rc 

Ohms 

Rk 

Ohms 

1.0 

3.8 k 

1.0 k 

950 

2.0 

1.9 k 

500 

450 

4.0 

950 

250 

200 

6.0 

635 

167 

117 

8.0 

475 

125 

75 

10 

380 

100 

50 

20 

190 

50 

0 

40 

95 

25 

0 

60 

64 

16-17 

0 

80 

48 

12-13 

0 

100 

38 

10 

0 
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Yfe, FORWARD TRANSFER ADMITTANCE (mmhos) Y, e , INPUT ADMITTANCE (mmhos) 


ZI\I5841, 2IM5842 (continued) 


Vce = 4.0 Vdc, lc = 10 mAdc 



FIGURE 10 - FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 


FIGURE 11 - REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 



100 200 300 500 800 1000 



100 200 300 500 800 1000 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


NON-SATURATED SWITCHING APPLICATIONS 

SCHMITT TRIGGER HIGH-SPEED CLOCK DRIVER 
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2n5845 (SILICON) 

2n5845A 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for high-current saturated switching and core driver 
applications. 

• Fast Switching Times @ lc = 500 mAdc - 

t on = 30 ns (Max) - 2N5845A 
40 ns (Max) - 2N5845 
t 0 f f = 50 ns (Max) - 2N5845A 
60 ns (Max) - 2N5845 

• High Current Gain - Bandwidth Product - 

fy - 250 MHz (Min) - 2N5845A 
200 MHz (Min) - 2N5845 

• Low Collector-Emitter Saturation Voltage — @ lc = 500 mAdc — 

v CE(sat) = 0.5 Vdc (Max) - 2N5845A 
0.6 Vdc (Max) - 2N5845 


NPN SILICON 
SWITCHING 
TRANSISTORS 


*MAX!MUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

50 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

>C 

1.0 

Adc 

Total Power Dissipation @ = 25°C 

PD 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ T c = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

i 

T J- T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

1 

Thermal Resistance, Junction to Case 

R #JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R9jaU) 

200 

°c/w 

’indicates JEDEC Registered Data. 




(1 ) FI# is measured with the device soldered into a typical printed circuit board. 




STYLE 1: 

PIN 1 EMITTER 
2. BASE 
3 COLLECTOR 



MILLIM 

ETERS 

HncheF - ! 

DIM 

■.W 

BSEE3B 


EXXfll 

A 



mai 


B 

mm 'M 

KMfl 


mmm\ 

C 

4.320 

5.330 

0.170 

0.210 1 

D 



■■Him 


P 

■■*!■« 


■■mm 

iMIfl 

K 

12.700 

- 


- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

_ 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO -92 
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2N5845, 2 N 5845 A (continued) 

*ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

| ~~ Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (D 

0c = 10 mAdc, l B = 0) 

bvceo 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = lOOjuAdc, l E =0) 

BVcbO 

50 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10/uAdc, l c = 0) 

bv eb o 

6.0 

- 

Vdc 

Collector Cutoff Current 
<V CB = 40 Vdc, l E = 0) 

>CBO 

- 

500 


Emitter Cutoff Current 
(V BE =4.0 Vdc. I C = 0) 

>EBO 

- 

50 



ON CHARACTERISTICS 


DC Current Gain 0 
(l C = lOmAdc, V C E = 10 Vdc) 

OC = 100 mAdc, Vqe = 1.0 Vdc) 

(l C = 500 mAdc, V CE = 1.0 Vdc) 

2N5845 

2N5845A 

h FE 

50 

50 

25 

35 

200 

150 

150 


Collector-Emitter Saturation Voltage 0 


v CE(sat) 



Vdc 

(lC = 100 mAdc, l B = 10 mAdc) 



- 

0.25 


Uq = 500 mAdc, l B = 50 mAdc) 

2N5845 


- 

0.6 



2N5845A 


- 

0.5 


Base-Emitter Saturation Voltage 


v BE(sat) 



Vdc 

(Iq = 100 mAdc, l B = 10 mAdc) 



- 

0.85 


(Iq = 500 mAdc, l B = 50 mAdc) 



0.8 

1.1 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 0 

(l c = 50 mAdc, V C E = 10 Vdc, f = 100 MHz) 

2N5845 

2N5845A 

fj 

200 

250 


MHz 

Collector-Base Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 


Ocb 

- 

9.0 

pF 

Emitter-Base Capacitance 
(V EB = 0.5 Vdc, l c = 0, f = 100 kHz) 


C e b 

- 

70 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V CC = 40 Vdc, l c = 500 mAdc, 

1 B 1 =50 mAdc, V BE ( 0 ff) = 4.0 Vdc) 

2N5845 

2N5845A 

ton 

- 

40 

30 

ns 

Delay Time 

2N5845 

2N5845A 

td 

- 

17 

15 

ns 

Rise Time 

2N5845 

2N5845A 

t r 

- 

28 

25 

ns 

Turn-Off Time 

(V C c ^ 40 Vdc, Iq = 500 mAdc, 

*B1 = 1B2 ^ B0 mAdc) 

2N5845 

2N5845A 

toff 

- 

60 

50 

ns 

Storage Time 

2N5845 

2N5845A 

ts 

- 

40 

38 

ns 

Fall Time 

2N5845 

2N5845A 

tf 

- 

30 

27 

ns 


^Indicates JEDEC Registered Data. 

©Pulse Test: Pulse Width < 300 /Lis, Duty Cycle < 2.0%. 

0 fj is defined as the frequency at which |hf e | extrapolates to unity. 



V, n = 10 Vdc 
Z, n = 50 Ohms 
Pulse Width = 1 0 ms 
t r < 2 0 ns 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 


-4 0 V +40 V 
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V, VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


2N5845, 2N5845A (continued) 


STATIC CHARACTERISTICS 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 700 1000 

1C, COLLECTOR CURRENT (mA) 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1 0 2.0 3.0 5.0 10 20 30 50 100 


IB, BASE CURRENT (mA) 



1.0 2.0 5.0 10 20 50 100 200 500 1000 

1C, COLLECTOR CURRENT (mA) 



1.0 2.0 5.0 10 20 50 100 200 500 1000 

1C, COLLECTOR CURRENT (mA) 
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2n5846 (SILICON) 

2n5847 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


. . . designed primarily for use in large-signal amplifier driver and pre- 
driver stages, these devices are intended for use in industrial commun- 
ications equipment operating at frequencies to 80 MHz. 


• Optimized for Operation from a 12.5 Volt Supply 

• Power Output @ 12.5 Vdc, 50 MHz 

P out = 3.5 W-2N5846 
8.0 W - 2N5847 

• Large-Signal Impedance Data Permit Convenient 

Matching Network Design 


*MAXIMUM RATINGS 


Rating 

Symbol 

2N5846 

2N5847 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

V CB 

36 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

>C 

1.0 

2.0 

Adc 

Total Device Dissipation @Tc = 25°C 

PD 

10 

20 

Watts 

Derate above 25°C 


57.2 

114 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 


1 



'Indicates JEDEC Registered Data. 


2N5847 


CASE 145A-01 




STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

C 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

H 

26.42 

28.70 

1.040 

1.130 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 

0.065 

M 

45° 

N0M 

450 mom 

P 

- 

1.27 

- 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 


NOTE 

CASE 145A-01 USE 8-32NC2A STUD 


3.5 W, 7.0 W- 50 MHz 
RF POWER 
TRANSISTORS 
NPN SILICON 




2N5846 



T PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 





— R 

fL 

''V 


t 

P 

-- 


K 

n 

l rT ~ 

1 1 

r 



1 

L X J 1 

i — Tl 

lH I 

Si \ 

11 SEATW 

BT\ pl/ 

x v 

G i 

WE | 

-J — A 

5 |^_ ^6-32 UNC-2A 


(COATED) 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10.49 

11.00 

0.413 

0.433 

B 

9.19 

9.53 

0.362 

0.375 

C 

5.33 

5.72 

0.210 

0.225 

D 

0.406 

0.533 

0.016 

0.021 

E 

1.65 

1.78 

0.065 

0.070 

F 

0.406 

0.483 

0.016 

0.019 

G 

2.54 

BSC 

0.10 

BSC 

H 

0.508 

0.889 

0.020 

0.035 

J 

6.73 

7.42 

0.265 

0.292 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

N 

1.27 

BSC 

0.05C 

1 BSC 

P 

- 

1.27 

- 

0.050 

R 

8.89 

9.14 

0.350 

0.360 

S 

4.45 

4.83 

0.175 

0.190 

T 

4.11 

4.29 

0.162 

0.169 

U 

1.14 

1.52 

0.045 

0.060 


CASE 24 
TO-102 


All JEDEC dimensions and notes apply 
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2N5846, 2N5847 (continued) 


"ELECTRICAL CHARACTERISTICS (Jq = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(1C = 200 mAdc, l B = 0) 


Collector-Emitter Breakdown Voltage (1) 

(l c = 50 mAdc, V BE = 0) 

Emitter-Base Breakdown Voltage 

(l E = 0.25 mAdc, l c = 0) 2N5846 

(l E = 5.0 mAdc, l c = 0) 2N5847 

Collector Cutoff Current 

(V CE = 15 Vdc, V BE = 0, T C = 125°C) 2N5846 


Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 


ON CHARACTERISTICS 

DC Current Gain 

(l c = 250 mAdc, V CE = 5.0 Vdc) 

(l c = 500 mAdc, V CE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

(V C b = 15 Vdc, l E = 0,f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 

<V CC = 12.5 Vdc, P out = 3.5 W, f = 50 MHz) 
(V C c = 12.5 Vdc, P out = 8.0 W, f = 50 MHz) 


Power Output 

( V C c = 1 2.5 Vdc, P in - 350 mW, f = 50 MHz) 
(V CC = 12.5 Vdc, Pj n = 800 mW, f = 50 MHz) 

Collector Efficiency 

(V C c = 12.5 Vdc. P out = 3.5 W, f = 50 MHz) 
(Vqc = 12.5 Vdc, P out - 8.0 W, f = 50 MHz) 

* Indicates JEDEC Registered Data. 

(l)Pulsed thru a 25 mH inductor. 


Max Unit 




FIGURE 1 - 50 MHz TEST CIRCUITS 




Cl, C2, C5 

25-280 pF, Arco 464 or Equivalent 

C3 

40 pF, 500 Vdc, Unelco 

C4 

9.0 -180 pF, Arco 463 or Equivalent 

C6 

1000 pF Feedthru 

C7 

0.1 juF, 75 Vdc 

LI 

2 Turns, #18 AWG, 3/8" I.D. 

L2 

Small Ferrite Bead, 214 Turns 

L3 

5 Turns, #18 AWG, 3/8" I.D. 

L4 

1.0 mH, RF Choke 


C1,C3, C4 

25-280 pF, Arco 464 or Equivalent 

C2 

80-480 pF, Arco 466 or Equivalent 

C5 

0.1 juF, 75 Vdc 

C6 

1000 pF Feedthru 

LI 

1 Turn, #14 AWG W I.D. 

L2 

Large Ferrite Bead Th Turns 

L3 

3 Turns, #14 AWG Vi" I.D. 

L4 

20 Turns, #18 AWG NYCLAD Wire, 
2 Layers ( 1 0 Turns Per Layer) 
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2N5846, 2N5847 (continued) 


POWER OUTPUT versus POWER INPUT 



0 0.1 0.2 0.3 0.4 0.5 0.6 



0.4 0.6 0.8 1.0 


P m , INPUT POWER (WATTS) 


P m , INPUT POWER (WATTS) 


POWER OUTPUT versus FREQUENCY 


FIGURE 4 — 2N5846 


FIGURE 5 - 2N5847 

20 
15 


8.0 

6.0 


4.0 

3.0 

2.0 

20 30 40 50 




f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


POWER DISSIPATION DERATING CURVES 




0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 


Tr, CASE TEMPERATURE (°C) 


Tn, CASE TEMPERATURE (°C) 








2N5846, 2N5847 (continued) 


PARALLEL EQUIVALENT INPUT RESISTANCE versus FREQUENCY 




25 30 35 40 50 60 70 80 25 30 35 40 50 60 70 

f, FREQUENCY (MHz) f, FREQUENCY (MHz) 

PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 



25 30 35 40 50 60 70 80 

f, FREQUENCY (MHz) 


1000 


FIGURE 11 -2N5847 

I 

Vcc= 12.5 Vdc 


f, FREQUENCY (MHz) 



PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 



FIGURE 13 — 2N5847 

400 
_ 350 
m 300 


CJ 



u 

< 200 
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2n5848 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . . designed primarily for use in large-signal amplifier driver and 
output stages, the 2N5848 is intended for use in industrial communi- 
cations equipment operating at frequencies to 80 MHz. 


• Optimized for Operation from a 12.5 Volt Supply 

• 20 Watts (Min) RF Power Output at 50 MHz 

• Balanced Emitter Construction for Burn Out Protection 


20 W-50 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 



^MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

24 

Vdc 

Collector-Base Voltage 

V CB 

48 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

>C 

3.5 

Adc 

Total Device Dissipation @ Tc = 25°C 

PD 

50 

Watts 

Derate above 25°C 


285 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Stud Torque (D 

~ 

6.5 

in-lbs. 

* Indicates JEDEC Registered Data. 




d^For repeated assembly use 5 in-lbs. 
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2N5848 (continued) 


^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 

< 1 c = 100 mAdc, 1 B = 0) 

bvceo 

24 


- 

Vdc 

Collector-Emitter Breakdown Voltage(l) 

0c = 50 mAdc, V BE = 0) 

bvces 

48 


- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 5.0 mAdc, l c = 0) 

bvebo 

4.0 

— 

- 

Vdc 

Collector Cutoff Current 

(V CE = 15 Vdc, V BE = 0, T A = +1 25°C) 

>CES 

- 

- 

10 

mAdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

'CBO 

1 

- 

1 

1.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

OC = 12 Adc, V C E = 5.0 Vdc) 

h FE 

3.0 

15 

- 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 


100 

125 

pF 

<V CB = 12.5 Vdc, 1 E = 0, f = 0.1 to 1.0 MHz) 


I 

i 




FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(P out = 20 W, V C c = 12.5 Vdc, l c = 3.2 Adc, f = 50 MHz) 

GpE 

8.0 


- 

dB 

Collector Efficiency 

(P out = 20 W, V C C= 12-5 Vdc, l c = 3.2 Adc, f = 50 MHz) 

n 

50 

- 


% 


* Indicates JEDEC Registered Data. 
(l)Pulsed thru a 25 mH Inductor. 


FIGURE 1 - 50 MHz POWER GAIN TEST CIRCUIT 

Cl, C8, C9 20-300 pF ARCO 464 Capacitor 
C2 40-600 pF ARCO 466 Capacitor 
C3,C4 100 pF UNDERWOOD 

VCC C5 0.001 pF MICA Dipped Capacitor 




0 1.0 2.0 3.0 4.0 


P, n , INPUT POWER (WATTS) 


FIGURE 3 - OUTPUT POWER versus FREQUENCY 
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out, PARALLEL OUTPUT CAPACITANCE (pF) Rjn PARALLEL INPUT RESISTANCE (OHMS) 


2N5848 (continued) 


FIGURE 4 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 


8 .0 1 

Pout = 20 W 

7.0 -VCC = 12.5 Vdc- 



f, FREQUENCY (MHz) 


FIGURE 5 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 



f, FREQUENCY (MHz) 


FIGURE 6 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 


FIGURE 7 - OUTPUT POWER versus 
SUPPLY VOLTAGE 



f, FREQUENCY (MHz) 


VcC, SUPPLY VOLTAGE (VOLTS) 


LOW-BAND FM (25-50 MHz) 12.5 Vdc, 100 WATT AMPLIFIER 
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2N5849 (continued) 


"ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 

(l C = 200 mAdc, l B = 0) 

bv CEO 

24 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage! t) 

(l C = 100 mAdc, V BE -0) 

bvces 

48 

~ 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 mAdc, lc = 0) 

bv E bo 

4.0 

“ 

- 

Vdc 

Collector Cutoff Current 
(V CE = 15 Vdc, V BE = 0, T a = +125°C) 

'CES 



10 

mAdc 

Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

*CBO 

~ 

- 

1.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 

3.0 


_ 

_ 

(1C = 2.4 Adc, V CE = 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

_ 

180 

230 

PF 

(V CB = 12.5 Vdc, l E = 0, f = 0.1 to 1.0 MHz) 







FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(P ou t = 40 W, V CC - 12.5 Vdc, f = 50 MHz) 

GpE 

7.5 

- 

- 

dB 

Collector Efficiency 

< p out = 40 W, V CC = 12.5 Vdc, f = 50 MHz) 

4 

50 

- 

- 

% 


* Indicates JE DEC Registered Data. 
(DPulsed thru a 25 mH Inductor. 


FIGURE 1 - 50 MHz POWER GAIN TEST CIRCUIT 



Cl 25-280 pF, Arco 464 or Equivalent 
C2 80-480 pF, Arco 466 or Equivalent 
C3 0-75 pF, Hammarlund MAPC 75 or Equivalent 

C4 0-50 pF, Hammarlund MAPC 50 or Equivalent 

LI 1 Turn #14 AWG 5/16" I.D. 

L2 2-1/2 Turns #22 AWG on 3/8" Ferrite Bead 
L3 18 Turns #18 AWG 3/8" I.D. 2 Layers, 9 Turns Each 
L4 4 Turns #14 AWG 7/16" I.D. 7/16" Long 
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, INPUT RESISTANCE (OHMS) p out , OUTPUT POWER (WATTS) 


2N5849 (continued) 


FIGURE 2 - POWER OUTPUT versus POWER INPUT 


FIGURE 3 - POWER OUTPUT versus FREQUENCY 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 



25 30 40 50 60 70 


Pin, INPUT POWER (WATTS) 


f, FREQUENCY (MHz) 


FIGURE 4 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 


FIGURE 5 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 



25 30 35 40 50 60 70 80 

f, FREQUENCY (MHz) 



25 30 35 40 50 60 70 


f, FREQUENCY (MHz) 


FIGURE 6 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 



25 30 35 40 50 60 70 80 


FIGURE 7 - DC SAFE OPERATING AREA 


lc, COLLECTOR CURRENT (AMP) 
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f, FREQUENCY (MHz) 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 






2N5849 (continued) 


40 WATT, 50 MHz TRANSMITTER SCHEMATIC 

(Information obtained from AN-502 A) 



P 0 = 40 W 
Pin = 20 mW 
Overall Gain = 33 dB 
Overall Efficiency = 59.2% 


*Ferroxcube Part Number 
RFC1 -20 Turns #18 AWG, 3/16" I.D., 2 Layers, 
10 Turns Each, Close Wound. 

RFC2 - 18 Turns, #18 AWG, 3/16" I.D., 2 Layers, 
9 Turns Each, Close Wound. 


APPLICATION INFORMATION 

In addition to a fine selection of quality RF Semiconductors, 
Motorola provides applications information in the form of Appli- 
cation Notes. Any of the notes listed on this page may be obtained 
by writing to the Technical Information Center, Motorola Semi- 
conductor Products Inc., P.O. Box 20924, Phoenix, Arizona 85036. 

AN-267 Matching Network Designs with Computer 
Solutions 

AN-282A Systemizing RF Power Amplifier Design 

AN-481 A Broadband 4-Watt Aircraft Transmitter 

AN-495 A 25-Watt, 175-MHz Transmitter for 12. 5- Volt 
Operation 

AN-502A A 40-Watt, 50-MHz Transmitter for 12. 5- Volt 
Operation 

AN-507 A 13-Watt Broadband AM Aircraft Transmitter 
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2n5859 (SILICON) 


NPN SILICON ANNULAR SWITCHING TRANSISTOR 

. . . designed for high-current, high-speed switching applications. 
Ideally suited for ferrite core and plated wire memory driver, 
hammer driver, or MOS translator applications. 


• Excellent Current-Gain — Bandwidth Product — 

f T = 250 MHz (Min) @ Iq = 50 mAdc 

• Low Collector-Base Capacitance — 

C c b = 7.0 pF (Max) @ Vqb = 10 Vdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.7 Vdc (Max) @ lc = 1 .0 Adc 

• Fast Switching Times @ lc = 1.0 Adc 

t on = 35 ns (Max) 
t 0 ff = 60 ns (Max) 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

80 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ T^ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


5.72 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

PD 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J- T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

175 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

35 

°c/w 


•Indicates JEDEC Registered Data 


NPN SILICON 
SWITCHING 
TRANSISTOR 




N 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

"in 

0.711 

0.864 

0.028 

0.034 

j 

0.737 

1.02 

0.029 

0.040 

“m 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° N0M 

45° IS 

OM 

P 

~ 1 1.27 

- 1 0.050 

Q 

90° N0M 

90° NOM 

R 

2.54 | - 

0.100 1 - 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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2N5859 (continued) 


"ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic j Symbol j Min | Max j Unit" 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 1 0 mAdc, 1 B = 0) 

bv C eo 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 

bv cbo 

80 

- 

Vdc 

(l c = 100 MAdc, l£*0) 





Emitter -Base Breakdown Voltage 

bv ebo 

6.0 

- 

Vdc 

(l E = 10 MAdc, l c = 0) 





Collector Cutoff Current 




MAdc 

(V CE = 50 Vdc, V BE(o f f) = 2.0 Vdc) 


- 

0.2 


(V CE = 50 Vdc, V B E(off) “ 2.0 Vdc, T A = 75°C) 


- 

5.0 


Collector Cutoff Current 

'CBO 



MAdc 

(V CB = 50 Vdc, l E =r 0) 


- 



(V CB = 50 Vdc, «E = 0, T A = 75°C) 


- 



Emitter Cutoff Current 

•EBO 

- 

0.1 

MAdc 

(V BE = 5.0 Vdc, l C = 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 

(IQ = 500 mAdc, Vqe = 1 0 Vdc) 

(l C = 1.0 Adc, V CE = 1.0 Vdc) 

(l C = 1.0 Adc, V C E= 1-0 Vdc, T A = -55°C) 

hpE 

30 

15 

10 

120 

100 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(|q = 500 mAdc, l B = 50 mAdc) 


- 

0.4 


(l C = 1 .0 Adc, l B = 100 mAdc) 


- 

0.7 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(Iq = 500 mAdc, lg = 50 mAdc) 


0.8 

1.0 


(l C = 1.0 Adc, 1 B = 1 00 mAdc) 


0.9 

1.25 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

*T 

250 

- 

MHz 

Collector-Base Capacitance 
(V CB = 10 Vdc, 1 E = 0, f = 100 kHz) 

C c b 

" 

7.0 

pF 

Emitter-Base Capacitance 
(V EB = 0.5 Vdc, l c = 0, f » 100 kHz) 

Ceb 


60 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V CC = 30 Vdc, V BE ( off ) = 2.0 Vdc, l C = 1 0 Adc, 

I B 1 = 100 mAdc) (Figures 8 and 10) 

Ion 

- 

35 

ns 

Delay Time 

(V C c = 30 Vdc, V BE ( off ) = 2.0 Vdc, l c = 1.0 Adc, 
l B -| = 100 mAdc) (Figures 8 and 10) 

td 

- 

6.0 

ns 

Rise Time 

(V CC = 30 Vdc, V BE(off ) = 2.0 Vdc, l C - 1 -0 Adc, 

I B 1 = 100 mAdc) (Figures 8 and 10) 

tr 

- 

30 

ns 

Turn-Off Time 

(Vcc - 30 Vdc, l C = 1 0 Adc, 

1 B1 = , B2 = 100 mAdc) (Figures 9 and 11) 

loff 

- 

60 

ns 

Storage Time 

(V C c = 30 Vdc, l C = 1 0 Adc, 

*B1 = *B2 =100 mAdc) (Figures 9 and 1 1 ) 

ts 

- 

35 

ns 

Fall Time 

(V c c = 30 Vdc, lc = 1 0 Adc, 

1 b 1 = *B2 = 100 mAdc) (Figures 9 and 11) 

tf 


35 

ns 


"Indicates JED EC Registered Data 

(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE, DC CURRENT GAIN l C( COLLECTOR CURRENT (mA) 





t, TIME (ns) fT. CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


2N5859 (continued) 


TYPICAL DYNAMIC CHARACTERISTICS 



4.0 6.0 10 20 40 60 100 200 400 



ai 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


lc, COLLECTOR CURRENT (mA) 


Vr, REVERSE VOLTAGE (VOLTS) 



10 20 50 100 200 500 1000 



10 20 30 50 100 200 300 500 1000 


1C, COLLECTOR CURRENT (mA) 


1C, COLLECTOR CURRENT (mA) 


FIGURE 10- TURN-ON TIME TEST CIRCUIT FIGURE 11 - TURN-OFF TIME TEST CIRCUIT 
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NJOOI (SILICON) 


NPN SILICON ANNULAR MEMORY DRIVER 


NPN SILICON 
MEMORY DRIVER 
TRANSISTOR 


. . . designed for medium-current, high-speed switching applications. 
Ideally suited for ferrite core memory driver circuits. 


• Collector-Emitter Breakdown Voltage — 

BVcEO = 50 Vdc (Min) @ Iq = 10 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.5 Vdc (Max) @ Iq = 500 mAdc 

• Low Collector-Base Capacitance — 

C cb = 7.0 pF (Max) @ Vqb = 10 Vdc 

• Fast Switching Times @ Iq = 500 mAdc — 

t on = 25 ns (Max) 
t Q ff = 60 ns (Max) 




STYLE 1 } t 

PIN 1 EMITTER 

2. BASE f 

3 COLLECTOR 



'MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

veb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Device Dissipation @Ta = 25°C 

Pd 

1.0 

Watts 

Derate above 25°C 


6.0 

mW/°C 

Total Device Dissipation @Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 

TjTstg 

-65 to +200 

°c 


Temperature Range 



r 

h 


h 

m 


DIM 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 


0.500 

_ 

L 

6.35 

- 

0.250 



45° NOM 
- | 1.27 


45° IMOM 
- 1 0-05 


All JEDEC dimensions and notesapply 
CASE 79-02 






2N5861 (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (t) 

(l C = 10 mAdc, 1 B = 0) 

bv CEO 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 

BV cb0 

100 

- 

Vdc 

<*C = 

100 juAdc, l E =0) 





Emitter-Base Breakdown Voltage 

bv EBO 

6.0 

- 

Vdc 

«'E- 

10 MAdc, l c = 0) 





Collector Cutoff Current 

'CEV 



jxAdc 

< V CE 

= 50 Vdc, V BE ( of f) = 2.0 Vdc) 


- 

0.3 


(V C E 

= 50 Vdc, V BE ( off) = 2.0 Vdc, T A = 75°C) 


- 

10 


Collector Cutoff Current 

•cbo 



juAdc 

(V C B 

= 50 Vdc, l E = 0) 


- 

0.3 


< V CB 

= 50 Vdc, l E =0, T A = +75°C) 


- 

10 


Emitter Cutoff Current 

'ebo 

- 

0.1 

juAdc 

< V BE 

= 5.0 Vdc, l c = 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 
(1C = 500 mAdc, V CE = 1 .0 Vdc) 

(1C = 500 mAdc, V C E = 10 Vdc, T A = -55°C) 

h FE 

25 

10 

100 


Collector-Emitter Saturation Voltage 

0c = 500 mAdc, lg = 50 mAdc) 

v CE(sat) 

- 

0.5 

Vdc 

Base-Emitter Saturation Voltage 

0c = 500 mAdc, lg = 50 mAdc) 

V BE (sat) 

0.8 

1.1 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

fT 

200 

~ 

MHz 

Collector-Base Capacitance 

(Vcb = 10 Vdc, lE = 0- f = 100 kHz) 

^cb 

- 

7.0 

pF 

Emitter-Base Capacitance 

(V BE = 0.5 Vdc, l c = 0, f = 100 kHz) 

c eb 

- 

60 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V CC = 30 Vdc, V BE(o ff) = 2.0 Vdc, 
lc = 500 mAdc, Ig-j =50 mAdc) 

(Figure 5) 

Ion 

- 

25 

ns 

Delay Time 

l d 

- 

8.0 

ns 

Rise Time 

tr 

- 

18 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, lc = 500 mAdc, 

*B1 = 1 B2 = mAdc) 

(Figure 6) 

toff 

- 

60 

ns 

Storage Time 

t S 

- 

35 

ns 

Fall Time 

tf 

- 

35 

ns 


Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width< 300 ms. Duty Cycled. 0%. 


TYPICAL DYNAMIC CHARACTERISTICS 



4.0 6.0 10 20 40 60 100 200 400 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


1C, COLLECTOR CURRENT (mA) 


Vr, REVERSE VOLTAGE (VOLTS) 
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I C , COLLECTOR CURRENT (AMP) 


2N5861 (continued) 


FIGURE 7 - DC CURRENT GAIN 


FIGURE 8 - "ON" VOLTAGES 



10 20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mA) 



FIGURE 9 - ACTIVE-REGION SAFE OPERATING AREA 



3 0 4.0 6 0 8.0 10 20 30 40 60 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Iq— ^CE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 9 is based on Tj( p | < ) = 2QO°C; Tq is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tj(pk):S 200°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 


FIGURE 12 - TEMPERATURE COEFFICIENTS 



10 20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mA) 


2308 




2n5862 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . . designed for VHF power amplifier applications in military and in- 
dustrial equipment. Particularly suited for use in Class AB, B, or C 
amplifier applications to 175 MHz. 


• High Output Power Capability - 

90 Watts Peak Output for 15 Watts (Typ) Input @ f = 150 MHz 

• Balanced Emitter Construction to Provide the Designer with the 

device Technology that Assures Ruggedness and Resists Tran- 
sistor Damage Caused by Load Mismatch. 

• Stripline Packaging for Lower Lead Inductance and Better Broad- 

band Capability 


90 WATTS PEAK - 150 MHz 


NPN SILICON 
RF POWER 
TRANSISTOR 



"MAXIMUM RATINGS 




Rating 

Symbol 

Value 

moon 

Collector-Emitter Voltage 

v CEO 

35 

— 



65 

■ 

Emitter-Base Voltage 

V EB 

4.0 


Collector Currtnt — Continuous 

'c 

8.0 

Adc j 

Total Device Dissipation @ T C =50°C 

PD 

80 


Derate above 50°C 

533 


Operating and Storage Junction 
Temperature Range 

Tj/ T st g 

-65 to +200 

B 







PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4 COLLECTOR 


SEATING PLANE 
WRENCH FLAT 




HM 


INCHES | 

WMM 

MAX 

MIN 

MAX | 

A 

12.57 

WH 

BBB 

HI 

n 


IliliTil 

Bit-Ill 

ESI 

m 

HEM 

BUB 

■ilEffl 

EEIEB 

D 

5.59 

5.84 

Blildkul 

wrnmi 

Dl 

mum 

■EHI 

cebi 

EH 

U 

2.79 

2.92 

jllllll 

liiilA 

mm 

mm 


BEH 

ittldlM 

mm 

■ilM 

■ilH 

■ill*?*! 

fjEjUl 

K 

13.21 

14.35 

iriTiri 

0.565 1 

L 

1.65 

1.90 

■ilil.il 

BUBS 

mm 

K33 

j u\m 

■MMuBI 


n 

mw/m 

d 


n 

*uri:^ 

IlifilB 

liMil 


mm 



EE3 

lilHH 

T 


2.29 

.0.080 

film* 

1 U 



■ilTim 

OEM 


NOTE: 145A-02 USES 10-32NF-2A STUD. 
CASE 145A-02 


Indicates JEDEC Registered Data 
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2N5862 (continued) 


* ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (7) 

(l C “ 200 mAdc, l B = 0) 

BVCEO 

35 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l c = 200 mAdc, V BE = 0) 

bv C es 

65 


- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 mAdc, l c = 0) 

BV E bo 

4.0 



Vdc 

Collector Cutoff Current 
(V C E = 30 Vdc, V BE - 0, T C = 125°C) 

'CES 

- 

- 

10 

mAdc 

Collector Cutoff Current 
(V C b “ 30 Vdc, l E = 0) 

'CBO 

— 


2.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l c = 3.0 Adc, V CE » 5.0 Vdc) 

hFE 

5.0 

“ 

_ 

~ 


DYNAMIC CHARACTERISTICS 

Output Capacitance C Q b — 90 130 pF 

(V C b = 30 Vdc, l E = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST (Circuit Tuned at 90 Watts Peak, Vcc = 27 Vdc and not retuned for 13.5 Vdc Carrier Power Test) 


Power Input 

(P 0u t = 90 W Peak, V CC = 27 Vdc, f = 150 MHz, 

33.3% Duty Cycle Square Wave, Power Source Modulated) 


Power Gain CW (Carrier Power) 

( p out = 24 W, V C c “ 1 3.5 Vdc, f = 1 50 MHz , 
Circuit Tuned at90W Peak, Vcc = 27 Vdc) 


Power Gain 

(V C c = 27 Vdc, f = 1 50 MHz, P out = 75 W, I C = 4. 1 Adc, 
Circuit Tuned at 90 W Peak, Vcc = 27 Vdc) 


Collector Efficiency 

< p out = 75 W, V C c = 27 Vdc, f = 1 50 MHz, l C = 4. 1 Adc) 


Load Mismatch 

( p out " 75 W, CW, Vcc = 27 Vdc, f = 150 MHz, 
10% Duty Cycle, 10 ms Pulse, VSWR 10:1, 
all angles) 


(D Pulsed through 25 mH Inductor. 

’Indicates JEDEC Registered Data 

FIGURE 1 - 150 MHz TEST CIRCUIT 



Less Than 5% Change in Power 
Readings Before and After Mis- 
match T ests. 


Cl L1 


C1,C2,C3,C4 9.0-180 pF, Arco 463 or Equivalent 
C5 150 pF, Underwood 
C6,C7 1000 pF Feedthrus 
C8 0.01 pF 
C9 10 ptF, 50 V 

LI 3-1/2 Turns #16 AWG, 1/4" ID 
L2 1 Turn #16 AWG, 1/4" ID 
L3 0.15 mH With a Ferrite Bead on Both Ends 
L4 9-1/2 Turns #16 AWG Wound around R1 
R1 1.0 k Ohm, 2.0 W 


05 /r\ j L3 
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2N5862 (continued) 


OUTPUT POWER versus FREQUENCY 



100 120 140 160 180 200 

f, FREQUENCY (MHz) 




120 140 160 180 20 

f, FREQUENCY (MHz) 


FIGURE 5 - OUTPUT POWER versus STUD TEMPERATURE 


Ta = 25° C 
~Vcc = 27 Vdc 


4.0 


6.0 8.0 
Pin, INPUT POWER (WATTS) 


10 


12 


20 30 40 


50 60 70 80 9 

STUD TEMPERATURE (°C) 

PARALLEL INPUT RESISTANCE versus FREQUENCY 

FIGURE 6- V CC = 13.5 Vdc, P out = 25 W FIGURE 7 - V cc = 27 Vdc, P out = 75 W 


1 1 

Vcc = 13.5 Vdc 








Pout = 25 W 

i i 









10 


“1 I 

-Vcc = 27 Vdc_ 
Pout » 75 W 






Cjn, PARALLEL INPUT CAPACITANCE (pF) 


2N5862 (continued) 


PARALLEL INPUT CAPACITANCE versus FREQUENCY 



140 160 

f, FREQUENCY (MHz) 



f, FREQUENCY (MHz) 


PARALLEL OUTPUT CAPACITANCE versus FREQUENCY 



100 120 140 160 180 200 


f, FREQUENCY (MHz) 



100 120 140 160 180 200 

f, FREQUENCY (MHz) 



8.0 12 16 20 24 28 32 


Vqc, SUPPLY VOLTAGE (VOLTS) 
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n5864 (SILICON) 


PNP SILICON 
GENERAL-PURPOSE 
TRANSISTOR 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed for use in general-purpose amplifier and 
medium-speed switching applications. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 70 Vdc (Min) @ l£ = 10 mAdc 

• DC Current Gain Specified - 10 mA to 500 mA 

• High Collector Current — I q = 1.5 Adc Continuous 



^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

70 

Vdc 

Collector-Base Voltage 

V CB 

90 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

<c 

1.5 

Adc 

Total Power Dissipation @ T/\ = 25°C 

P D 

1.25 

Watts 

Derate above 25°C 


7.15 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

P D 

8.75 

Watts 

Derate above 25°C 


50 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 


* I ndicates JE DEC Registered Data 

* ‘Motorola Guarantees this data in addition to JEDEC Registered Data. 


h~ A— t 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

_ 

0.250 

- 

M 

45° N0M 

45° l\ 

0M 

P 

- 1 1.27 

- I 0.050 

Q 

90° N0M 

90° N0M 

R 

2.54 | - 

0.100 ] “ 


All JEDEC dimensions and notes apply. 
CASE 79-02 




2N5864 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 


Symbol Min 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 10 mAdc, l B = 0) 
Collector-Base Breakdown Voltage 
0q = 10 MAdc, l E - 0) 

Emitter-Base Breakdown Voltage 
(lE = 10 MAdc, l C = 0) 


Collector Cutoff Current 
(V C b = 45 Vdc, l E = 0) 


Emitter Cutoff Current 
< v bE = 3.0 Vdc, l C = 0) 


DC Current Gam 
( I c = 10 mAdc, Vq E = 10 Vdc) 

0c = 30 mAdc, V CE = 10 Vdc) 

(l c = 150 mAdc, V CE = 10 Vdc) 
(l c = 300 mAdc, V CE = 10 Vdc) 
(l C = 500 mAdc, V CE = 10 Vdc) 

‘Collector-Emitter Saturation Voltage 
(Iq = 300 mAdc, lg = 30 mAdc) 

Base-Emitter Saturation Voltage 
(Iq = 300 mAdc, lg = 30 mAdc) 

•Base-Emitter On Voltage 

(l c = 150 mAdc, V CE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 

•Current-Gain— Bandwidth Product (1) 

(1C = 50 mAdc, V CE = 20 Vdc, f = 20 MHz) 
•Collector-Base Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

Emitter-Base Capacitance 

(V BE = 1.0 Vdc, l c = 0, f = 100 kHz) 

*lnput Impedance 

(1C = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 
•Voltage Feedback Ratio 

(1C = 10 mAdc, V CE = 10 Vdc, f * 1.0 kHz) 
•Small-Signal Current Gain 

(l c = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 
•Output Admittance 

(1C = 10 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS (See Figure 1) 

Delay Time 



(Vqq = 10 Vdc, Iq = 300 mAdc, Igi =30 mAdc) 


(Vce = 10 Vdc, Iq = 300 mAdc, lg -\ = Ig2 = 30 mAdc) 


* Indicates JEDEC Registered Data. 

( 1 ) f j is defined as the frequency at which 
|hf e | extrapolates to unity. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 



1. V m = -27 V 4. Duty Cycle = 2.0% 

2. Pulse Width = 1.0 5. t r , tf < 5.0 ns 

3. PRP = 20 kHz 



















2n5865 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 


. . . designed where high-current, high-voltage conditions are require- 
ments for general-purpose switching and amplifier applications. 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 50 Vdc (Min) @ lc = 10 mAdc 

• DC Current Gain Specified - 1.0 mA to 500 mA 

• Turn-On Time - 

t on = 120 ns (Max) @ lc = 500 mAdc 


PNP SILICON 
GENERAL-PURPOSE 
TRANSISTOR 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @T/\ = 25°C 
Derate above 25°C 


Total Device Dissipation @Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


p D 


P D 


TjTstg 


1.25 

7.15 


7.0 

40 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


I ndicates JEDEC Registered Data. 



a 


Pin 1 Emitter r r r r r 

2 Base } 

3 Collector 


Hi 


f 

p c 

i 


7 L t 

, K 


SEATING I, ^ 
PLANE — D 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 1 

- 

0.500 

- 

L 

6.35 

- 

0.250 

warn 

M 

45° N0M 

45° l\ 

OM 

P 

- 

1.27 

- 1 0.050 

Q 

90° N0M 

90° N0M 

R 

2.54 

- 

0.100 1 - 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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2N5865 (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

[ Characteristic I Symbol | Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 

(\q = 10 mAdc, l B = 0) 

bvceo 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 10 juAdc, l E = 0) 

BVqbO 

70 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, Iq = 0) 

bvebo 

5.0 

— 

Vdc 

Collector Cutoff Current 
(V CB = 35 Vdc, l E = 0) 

'CBO 

- 

200 

nAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l c = 0) 

<EBO 

— 

200 

nAdc 


ON CHARACTERISTICS (2) 


DC Current Gain 
(Iq = 1 -0 mAdc, V CE = 1 .0 Vdc) 

Oc =150 mAdc, Vq E = 1.0 Vdc) 

(l c = 500 mAdc, Vq E = 2.0 Vdc) 

hFE' 

40 

40 

20 

200 


Collector-Emitter Saturation Voltage 

Oc = 500 mAdc, l B = 50 mAdc) 

v CE(sat) 

- 

1.25 

Vdc 

Base-Emitter Saturation Voltage 

Oc = 500 mAdc, l B = 50 mAdc) 

v BE(sat) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product( 1 ) 

(l C = 50 mAdc, V C £ = 20 Vdc, f = 20 MHz) 

fT 

100 


MHz 

Collector-Base Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

C cb 

— 

20 

pF 

Emitter-Base Capacitance 
(V BE = 0.5 Vdc, l c = 0, f = 100 kHz) 

c eb 

' 

150 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V G c = 10 Vdc, l c = 500 mAdc, I B1 =50 mAdc) 

td 

- 

30 

ns 

Rise Time 

V 

- 

90 

ns 

Storage Time 

(V CC =10 Vdc, 1 c = 500 mAdc, 1 B \ = 1 B 2 = 50 mAdc) 


- 

350 

ns 

Fall Time 

tf 

- 

150 

ns 


^Indicates JEDEC Registered Data. 

( 1 )fy is defined as the frequency at which lhf e | extrapolates itself to unity. 
(2) Pulse T est: Pulse Width ^ 300 jus, Duty Cycle ^ 2 0 %. 


FIGURE 1 - SWITCHING TIMETEST CIRCUIT 

INPUT PULSE 3. PRR = 20 kHz +18V " 10v 
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2n5867, 2n5868 PNP (SILICON) 

2n5869, 2n5870 NPN 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

. . .designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1-0 Vdc (Max) @\q = 2.0 Adc 

• Low Leakage Current — IcEX = 0-1 rnAdc (Max) 

• Excellent DC Current Gain - hpE = 20 (Min) @ lc = 1.5 Adc 

• High Current Gain — Bandwidth Product — 

f T = 4.0MHzatlc = 0.25 Adc 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5867 

2N5869 

2N5868 

2N5870 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Co Hector- Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

>C 

5.0 

Adc 

Peak 


10 


Base Current 

■b 

2.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

87.5 

Watts 

Derate above 25°C 


0.5 

W/°C 

Operating and Storage Junction 

T J. T stg 

-65 to +200 

6 C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

2.0 

°C/W 


•Indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 



5.0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
87.5 WATTS 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

HVIIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


1. DIM "Q" IS DIA. Collector connected to case. 
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2N5867, 2N5868 PNP, 2N5869, 2N5870 NPN (continued) 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic j Symbol j Min 1 Max 1 Unit 1 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = lOOmAdc, 1 B = O) 

2N5867, 2N5869 

2N5868, 2N5870 

v CEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 


■ ■ 

mAdc 

(Vqe = 30 Vdc, l B = 0) 

2N5867, 2N5869 


- 

■ 


(V ce = 40 Vdc, l B = 0) 

2N5868, 2N5870 


- 

■ ... ■ ■■. ■ ■ - ■ 


Collector Cutoff Current 





mAdc 

(V CE = 60 Vdc, V BE ( of f) = 1.5 Vdc) 

2N5867, 2 N 5869 



BSH 


(V CE = 80 Vdc, V BE ( off ) - 1.5 Vdc) 

2N5868, 2N5870 



■SR 


(V CE = 60 Vdc, V BE ( off) = 1.5 Vdc. T C = 1 50°C) 

2N5867, 2N5869 



■■ 


(V CE = 80 Vdc, V BE(o ff) = 1.5 Vdc, T c - 150°C) 

2N5868, 2N5870 


ilMB 



Collector Cutoff Current 


*CBO 



mAdc 

(V CB = 60 Vdc, l E » 0) 

2N5867, 2N5869 


- 

0.1 


(V CB = 80 Vdc, l E = 0) 

2N5868, 2N5870 


- 

0.1 


Emitter Cutoff Current 


'EBO 

_ 

1.0 

mAdc 

(V EB = 5.0 Vdc. I C = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(l C = 0.3 Adc, V C E = 4.0 Vdc) 

(l C = 1.5 Adc, V CE = 4.0 Vdc) 

(l C = 5.0 Adc, V CE = 4.0 Vdc) 


— 

100 


Collector-Emitter Saturation Voltage (1) 




Vdc 

(l c = 2.0 Adc, l B = 0.2 Adc) 

wm 

- 

1.0 


(IC = 5.0 Adc, l B = 1.25 Adc) 

/ ■ 

- 

2.0 


Base-Emitter On Voltage (1) 

v BE(on) 

- 

1.5 

Vdc 

(l c = 1.5 Adc, V CE =4.0 Vdc) 





Base-Emitter Saturation Voltage (1) 

v BE(sat) 

- 

2.5 


(l c = 5.0 Adc, l B = 1.25 Adc) 




■ 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 0.25 Adc, Vqe = 10 Vdc, f test = 1 .0 MHz) 

f T 

4.0 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 2N5867, 2N5868 

2N5869, 2N5870 

Cob 

1 1 



Small-Signal Current Gain 

(l c = 0.25 Adc, V C E = 4.0 Vdc, f - 1.0 kHz) 

hfe 

20 

_ 

— 


SWITCHING CHARACTERISTICS 


Rise Time 

(V C c= 30 Vdc, l c = 1.5 Adc, I B1 = l B2 = 0.15 Adc) 

t r 

- 

0.7 

MS 

Storage Time 

Is 

- 

1.0 

MS 

Fall Time 

tf 

- 

0.8 

MS 


•Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 Ms, Duty Cycle <2.0%. 

(2) f T - Ih fe l -f Mst 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN “ON” TIME 



FOR CURVES OF FIGURES 3 AND 6, Rfi AND Rc 
ARE VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib * 100 mA 
MSD6100 USED BELOW Ib = 100 mA 
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2N5867, 2N5868 PNP, 2N5869, 2N5870 NPN (continued) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



FIGURE 6 - TURN "OFF" TIME 



There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) < 200°C. T j(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power than can be handled to 
values less than the limitations imposed by second breakdown. 
(See Motorola Application Note AN-415). 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


Vr, REVERSE VOLTAGE (VOLTS) 
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V, VOLTAGE (VOLTS) VcE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N5867, 2N5868 PNP, 2N5869, 2N5870 NPN (continued) 


PNP 

2 N 5867 and 2N5868 


NPN 

2N5869 and 2N5870 


FIGURE 8 - DC CURRENT GAIN 








RBE, EXTERNAL BASE-EMITTER RESISTANCE (OHMS) _ lc. COLLECTOR CURRENT (juA) 0 V, TEMPERATURE COEFFICIENTS (mV/°C) 


2N5867, 2N5868 PNP, 2N5869, 2N5870 


PNP | 

2N5867 and 2N5868 1 

FIGURE 11 -TEMPERATL 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMPERES) 



FIGURE 13 - EFFECTS OF BA 



Tj, JUNCTION TEMPERATURE (°C) 


EMITTER RESISTANCE (OHMS) m IQ, COLLECTOR CURRENT (mA) £ 0V, TEMPERATURE COEFFICIENTS (mV/°C) 


(continued) 


NPN 

2N5869 and 2N5870 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

l C , COLLECTOR CURRENT (AMPERES) 



VbE, BASE-EMITTER VOLTAGE (VOLTS) 


MITTER RESISTANCE 



21 








2n5871, 2n5872, jn6317, 2 n6318 PNP (SILICON) 
2n5873, 2n5874, 2n6315, 2n6316 NPN 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = TO Vdc (Max) @ lc = 4.0 Adc 

• Low Leakage Current — IcEX = 0-25 mAdc (Max) 

• Excellent DC Current Gain — hpg = 20 (Min) @ \q = 2.5 Adc 

• High Current Gain — Bandwidth Product — 

fj = 4.0 MHz @l c = 0.25 Adc 

• Choice of Packages - TO-3 - 2N587 1/2N5874 

TO-66— 2N6315/2N6318 


7.0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 

115 WATTS -TO-3 
90 WATTS - TO-66 


*MAX1MUM RATINGS 


Rating 

Symbol 

2N5871 

2N5873 

2N6315 

2N6317 

2N5872 

2N5874 

2N6316 

2N6318 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

>C 

7.0 

15 

Adc 

Base Current 

1 B 

2.0 

Adc 


2N5871 

Series 

2N6315 

Series 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

PD 

115 

0.658 

90 

0.515 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj/T s tg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N5871 

2N5872 

2N5873 

2N5874 

2N6315 

2N6316 

2N6317 

2N6318 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.52 

1.94 

°C/W 


’Indicates JEDEC registered data. Limits and conditions differ on some parameters and 
re-registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 



2N631 5/2N6318 





l/JZ 

ING PLANE U 
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2N5871, 2N5872, 2N6317, 2N6318 PNP (continued) 
2N5873, 2N5874, 2N6315, 2N6316 NPN 

'ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 



OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
Oc = 100 mAdc, I b = 0) 


Collector Cutoff Current 
(V C e = 30 Vdc, l B = 0) 
(V CE = 40 Vdc, l B = 0> 


Collector Cutoff Current 

<V CE = 60 Vdc. V BE (off) = 1-5 Vdc) 
(V C E = 80 Vdc, V BE(off) = 1.5 Vdc) 


2N587 1,2N5873,2N631 5,2N631 7 
2N6872,2N5874,2N6316,2N6318 


2N5871,2N5873,2N6315,2N6317 
2N 5872,2N5874,2N6316,2N6318 


2N5871,2N5873,2N6315,2N6317 

2N5872,2N5874,2N6316,2N6318 


(V CE = 60 Vdc V BE ( 0 f f ) =1.5 Vdc,T c =150°C)2N5871,2N5873,2N6315,2N6317 
(V CE -80 Vdc.V BE(off) =1.5 Vdc,T c =150°C)2N5872,2N5874,2N6316,2N6318 


Collector Cutoff Current 

(V CB = 60 Vdc, l E = 0) 2N5871 ,2N5873,2N631 5.2N631 7 

2N5872,2N5874,2N6316,2N6318 



(V CB = 80 Vdc, l E = 0) 


Emitter Cutoff Current 
(V EB = 5.0 Vdc, l c = 0) 

ON CHARACTERISTICS 


DC Current Gain (1) 

(l c - 0.5 Adc, V C E =4.0 Vdc) 
OC = 2.5 Adc, V C E = 4.0 Vdc) 
(l c = 7.0 Adc, V CE = 4.0 Vdc) 


Collector-Emitter Saturation Voltage (1) 
Oc = 4.0 Adc, l B = 0.4 Adc) 

0c= 7.0 Adc, I B = 1.75 Adc) 


Base-Emitter Saturation Voltage (1) 
Oc = 7.0 Adc, l B = 1.75 Adc) 


Base-Emitter On Voltage (1) 

Oc = 2.5 Adc, Vce = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 





1.0 

2.0 

Vdc 

2.5 

Vdc 



Storage Time 


Fall Time 


(Vce = 30 Vdc, lc = 2 -5 Adc, 
l B i = l B2 = 0.25 Adc) 


♦Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 jus, Duty Cycle ^2 0%. 

(2) f T =lh fe I • f test TYPICAL CHARACTERISTICS 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN "ON" TIME 


+9.0 V - - 
0 

I V--I 


t r , tf < 10 ns 
DUTY CYCLE = 1.0% 


T“ 

39 


1" 


UD, 

O 


% +4.0 V 

FOR CURVES OF FIGURES 3 AND 7, Rb AND Rq ARE VARIED 

TO OBTAIN DESIRED CURRENT LEVELS. 

D] MUST BE FAST RECOVERY TYPE, e.g. 
MBD5300 USED ABOVE Ib ** 100 mA 
MSD6100 USED BELOW Iq =100 mA 
FOR NPN TEST CIRCUIT, REVERSE ALL POLARITIES. 


td @ VBE(off) * 5.0 V 


2N5871, 2N5872.2N6317, 2N6318 (PNP) 
2N5873, 2N5874.2N6315, 2N6316 (NPN) 


0.5 0.7 1.0 

1C, COLLECTOR CURRENT (AMPERES) 


















































r(tiD), TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


2IM5871, 2N5872, 2N6317, 2N6318 PIMP (continued) 
2N5873, 2N5874, 2N6315, 2N6316 IMPIM 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 


FIGURE 7- TURN "OFF" TIME 



I 1 I I 

— Tj = 25°C- 
VCC = 30 V 
IC/lB = 10 ~t~ 
— I B 1 = • B2 f — 



- 2N5871, 2N5872 2N6317, 2N6318 (PNP) 
p: 2N5873, 2N5874 2N6315, 2N6316 (NPN)r 


0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 


vce- collector-emitter voltage (volts) 

The data of Figures 5 and 6 is based on Tj( p |<) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p ( < ) <200°C. 
T J(pk) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitaitons imposed by 
second breakdown. 

FIGURE 8 - CAPACITANCE 


, 2N5871- 2N5872 2N6317, 2N6318 (PNP) I 

1 2N5873, 2N5874 2N6315, 2N6316 (NPN)J 


0.1 0.2 0.5 1.0 2.0 50 10 20 


»C, COLLECTOR CURRENT (AMPERES) 


Vr, REVERSE VOLTAGE (VOLTS) 









2N5871, 2N5872, 2N6317, 2N6318 PNP (continued) 
2N5873, 2N5874, 2N6315, 2N6316 NPN 






RBE, BASE-EMITTER RESISTANCE (OHMS) 1C, COLLECTOR CURRENT (juA) 0v, TEMPERATURE COEFFICIENTS (mV/°C) 


2N5871, 2N5872, 2N6317, 2N6318 PNP (continued) 
2N5873, 2N5874, 2N6315, 2N6316 NPN 


PNP 

NPN 

2N5871 and 2N5872 | 

2N5873 and 2N5874 

2N6317 and 2N6318 | 

FIGURE 12- TEMPERATURE COEFFICIENTS 

2N6315 and 2N6310 



Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 










2n5875, 2n5876 PNP (SILICON) 
2n5877, 2n5878 NPN 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching appli- 
cations. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = TO Vdc (Max) @ \q = 5.0 Adc 

• Low Leakage Current — 

ICEX = 0.5 mAdc (Max) @ Rated Voltage 

• Excellent DC Current Gain — 

hpf: = 20 (Min) @ \q = 4.0 Adc 

• High Current Gain — Bandwidth Product — 

fj = 4.0 MHz (Min) @ l C = 0.5 A 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 


60-80 VOLTS 
150 WATTS 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N5875 

2N5877 

2N5876 

2N5878 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Co Hector- Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

'c 

10 

20 

Adc 

Base Current 

•b 

4.0 

Adc 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Pd 

150 

0.857 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.17 

°C/W 




A 





r 

i 1 


f _ i 




'STYLE 1 : 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

nr" 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
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2N5875, 2N5876 PNP, 2IM5877, 2N5878 NPN (continued) 


♦ELECTRICAL CHARACTERISTICS (Tc ° 25°C unless otherwise noted) 

j Characteristic 1 Symbol j Min | Max j Unit j 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 200 mAdc, l B = 0) 

2N5875, 2N5877 

2N5876. 2N5878 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C E - 30 Vdc, l B « O) 

2N5875, 2N5877 


- 

1.0 


(V CE = 40 Vdc, l B = O) 

2N5876, 2N5878 


- 

1.0 


Collector Cutoff Current 


*CEX 



mAdc 

(V C E - 60 Vdc. V BE(of f) = 1.5 Vdc) 

2N5875, 2N5877 


- 

0.5 


(V CE = 80 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N5876, 2N5878 


- 

0.5 


(V CE = 60 Vdc, V BE ( off ) = 1.5 Vdc. T C = 

1 50°C) 2N5875, 2N5877 


- 

5.0 


(V CE = 80 Vdc. V BE ( off) = 1.5 Vdc. T C = 

1 50°C) 2N5876. 2N5878 


- 

5.0 


Collector Cutoff Current 


*CBO 



mAdc 

(V CB = 60 Vdc. I E = 0) 

2N5875, 2N5877 


- 

0.5 


(V CB = 80 Vdc, l E = 0) 

2N5876, 2N5878 


- 

0.5 


Emitter Cutoff Current 


'ebo 

_ 

1.0 

mAdc 

(V EB = 5.0 Vdc, l E = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

h FE 



- 

(l c = 1.0 Adc, V CE = 4.0 Vdc) 


35 

- 


(l C = 4.0 Adc, V CE = 4.0 Vdc) 


20 

100 


(1 C = 10 Adc, V CE = 4.0 Vdc) 


4.0 

- 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l C = 5.0 Adc, l B = 0.5 Adc) 

- 

1.0 


(IC= 10 Adc, l B = 2.5 Adc) 


- 

3.0 


Base-Emitter Saturation Voltage (1) 

v BE(sat) 

- 

2.5 

Vdc 

(l C = 10 Adc, l B = 2.5 Adc) 




Base-Emitter On Voltage (1) 

v BE(on) 

- 

1.5 

Vdc 

(lc = 4.0 Adc, V CE = 4.0 Vdc) 





DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l c = 0.5 Adc, V CE = 10 Vdc, f tes t = 1.0 MHz) 

fT 

4.0 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 2N5875, 2N5876 

2N5877, 2N5878 

Cob 

- 

500 

300 

pF 

Small-Signal Current Gain 

(I C = 1.0 Adc, V CE = 4.0 Vdc, f = 1.0 kHz) 

hfe 

20 

- 

- 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 30 Vdc, lc = 4.0 Adc, Ifil = 'B2 = 0.4 Adc, 

See Figure 2) 

tr 

- 

0.7 

MS 

Storage Time 

t s 

- 

1.0 

MS 

Fall Time 

tf 

- 

0.8 

MS 


‘Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Widths 300 jus, Duty Cycle 2.0%. 

(2) f T = |hfe| • W 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 

-30 V 



t r , tf<10ns 
DUTY CYCLE = 1.0% 


For NPN test circuit, 
reverse ail polarities. 



FOR CURVES OF FIGURES 3 and 6, 

RB and Rc ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, e.g. 
MBD5300 USED ABOVE I b ** 100 mA 
MS06100 USED BELOW I b =* 1 00 mA 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


1C, COLLECTOR CURRENT (AMPERES) 
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. , , r(t), EFFECTIVE TRANSIENT THERMAL 

t.TIME(fii) l C , COLLECTOR CURRENT (AMPERES) RESISTANCE (NORMALIZED) 


2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



FIGURE 6 - TURN-OFF TIME 



1.1 1 ii I | | i i i i i i J 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


lC, COLLECTOR CURRENT (AMPERES) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj(p|<) <200°C. Tj(p|<) 
may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. (See AN-415). 


FIGURE 7 - CAPACITANCE 



0.5 1.0 2.0 3.0 5.0 10 20 30 50 

Vr, REVERSE VOLTAGE (VOLTS) 
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V, VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 







2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN (continued) 


PNP DEVICES 
2N5875 and 2N5876 


NPN DEVICES 
2N5877 and 2N5878 


FIGURE 11 - TEMPERATURE COEFFICIENTS 
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1C, COLLECTOR CURRENT (AMPERES) 
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l C , COLLECTOR CURRENT (AMPERES) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 
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VflE/ BASE-EMITTER VOLTAGE (VOLTS) 


VbE, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - EFFECTS OF EXTERNAL BASE-EMITTER RESISTANCE 






Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 










2n5879, 2n5880 PNP (silicon) 

2n5881,2n5882 NPN 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 60 Vdc (Min) - 2N5879, 2N5881 
= 80 Vdc (Min) - 2N5880, 2N5882 

• DC Current Gain — 

hpE = 20 (Min) @ lc = 6.0 Adc 

• Low Collector — Emitter Saturation Voltage - 

VcE(sat) = 1 0 Vdc (Max) @ lc = 7.0 Adc 

• High Current — Gain-Bandwidth Product — 

fj = 4.0 MHz (Min) @ \q = 1 .0 Adc 

• Recommended for New Circuit Designs 


15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
160 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5879 

2N5881 

2N5880 

2N5882 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

>c 

15 

30 

Adc 

Base Current 

*B 

5.0 

Adc 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

PD 

160 

0.915 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J Jstg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.1 

°C/W 



* Indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 



A 

Ot 

B 


f 

lD— 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


CASE 11-01 


NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES | 1 

MUM 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

C 043 - 

E 

- 

3.43 

- 

u . T ' j 5 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 , 


Collector connected to c 
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2N5879, 2N5880 PNP, 2N5881, 2IM5882 NPN (continued) 

'ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(IC = 200mAdc < l B = 0) 2N5879, 2N5881 

2N5880, 2N5882 




Collector Cutoff Current 
( V CE = 30 Vdc, >B = °) 
(Vce = 40 Vdc, l B = 0) 


Collector Cutoff Current 
(V CE = 60 Vdc, V BE ( off ) = 1.5 Vdc) 

(Vce = 80 Vdc, V BE (off) = 1.5 Vdc) 

(Vce = 60 Vdc, v BE(off) = 1 5 Vdc, Tc = 1 50°C) 
(V CE = 80 Vdc. V BE(off) = 1.5 Vdc, T C = 1 50°C) 


Collector Cutoff Current 
(V CB - 60 Vdc, l E = 0) 
(V C b = 80 Vdc, l E * 0) 


Emitter Cutoff Current 
(V EB = 5.0 Vdc, l c = 0) 


ON CHARACTERISTICS 


DC Current Gain (1) 

Oc = 2.0 Adc, Vce = 4.0 Vdc) 
Oc = 6.0 Adc, Vce = 4.0 Vdc) 
OC = 15 Adc, V C e = 4.0 Vdc) 


Collector-Emitter Saturation Voltage (1) 
OC = 7.0 Adc, l B = 0.7 Adc) 

Oc = 15 Adc, l B = 3.75 Adc) 


Base-Emitter Saturation Voltage (1) 
OC = 15 Adc, l B = 3.75 Adc) 


Base-Emitter On Voltage (1) 

(l C = 6.0 Adc,V C E = 4.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l C = 1.0 Adc, V C e = 10 Vdc, f test = 1.0 MHz) 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

Small-Signal Current Gain 
Oc = 2.0 Adc, Vce = 4.0 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 


Rise Time 


Storage Time 


Fall Time 


(Vce = 20 Vdc, l c = 6.0 Adc, 

I B1 = I B2 = 0-6 Adc See Figure 2) 


2N5879, 2N5881 
2N5880, 2N5882 


2N5879, 2N5881 
2N5880, 2N5882 
2N5879, 2N5881 
2N5880, 2N5882 


2N5879, 2N5881 
2N5880, 2N5882 


2N5879, 2 N 5880 
2N5881 , 2N5882 




0.7 

MS 

1.0 

MS 

0.8 

MS 


Indicates JEDEC Registered Data. 

[D Pulse Test: Pulse Width< 300 /is, Duty Cycle< 2.0% 
(2) f T = |h fe | • f test 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



t r , tf <110 ns 
DUTY CYCLE = 1.0% 


For NPN test circuit, 
reverse all polarities. 



FOR CURVES OF FIGURES 3and 6, 

RB and Rc ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 
D-j MUST BE FAST RECOVERY TYPE, eg. 
MBD5300 USED ABOVE Ib ■» 100 mA 
MSD6100 USED BELOW Ib —100 mA 



0.021 I 

0.2 0.3 


1C, COLLECTOR CURRENT (AMP) 




























































2IM5879, 2N5880 PNP, 2N5881, 2N5882 NPN (continued) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


lc, COLLECTOR CURRENT (AMP) 
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Vqe, COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based onTjjp^j = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj(pk) <200°C. Tj(pk) 
may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. (See AN-415). 



1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 
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2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN (continued) 


PNP 

2N5879, 2N5880 

FIGURE 11 - TEMPERATURE COEFFICIENTS 


NPN 

2N5881, 2N5882 












2n5883, 2n5884 PNP (silicon) 
2n5885, 2n5886 NPN 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = TO Vdc, (max) at lc = 15 Adc 

• Low Leakage Current 

•CEX = 1 0 nnAdc (max) at Rated Voltage 

• Excellent DC Current Gain — 

hf=(= = 20 (min) at Iq = 10 Adc 

• High Current Gain Bandwidth Product — 

fj = 4.0 MHz (min) at lc = 1.0 Adc 


25 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
200 WATTS 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5883 

2N5885 

2N5884 

2N5886 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

25 

Adc 

Peak 


50 


Base Current 

! b 

7.5 

Adc 

Total Device Dissipation @ Tq = 25°C 

P D 

200 

Watts 

Derate above 25° C 


1 

15 

W/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

0.875 

°C/W 


•Indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 




A 






1 

-J 


| 


' S 

in— 



STYLE 1 : 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

~C~~ 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 


■ilfcHll 

J 

16.64 

17.15 

BEEi 


K 

11.18 

12.19 


0.480 

'HOI 

3.84 


0.151 

WMM 

n 

- 

EM 

mem 



NOTE: Collector connected to c 

1. DIM "Q" IS DIA. CASE 11-01 
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2N5883, 2IM5884 PNP, 2N5885, 2N5886 NPN (continued) 

♦ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


VcEO(sus) 



Vdc 

(l C = 200 mAdc, l B = 0) 

2N5883, 2N5885 


60 

- 



2N5884, 2N5886 


80 

- 


Collector Cutoff Current 


•CEO 



mAdc 

(V CE = 30 Vdc, l B = 0) 

2N5883, 2N5885 


- 

2.0 


(V CE = 40 Vdc, l B = 0) 

2N5884, 2N5886 


- 

2.0 


Collector Cutoff Current 


*CEX 



mAdc 

(Vce = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N5883, 2 N 5885 


- 

1.0 


(V CE = 80 Vdc, V BE(o ff) = 1.5 Vdc) 

2N5884, 2N5886 


- 

1.0 


(V CE = 60 Vdc, V BE ( of f) = 1.5 Vdc, T c = 150°C) 

2N5883, 2N5885 


- 

10 


( V CE = 80 Vdc, V BE ( 0 f f ) = 1.5 Vdc, T c = 150°C) 

2N5884, 2N5886 


- 

10 


Collector Cutoff Current 





mAdc 

(V CB = 60 Vdc, l E = 0) 

2N5883, 2N5885 


- 

1.0 


(V CB = 80 Vdc, l E = 0) 

2N5884, 2N5886 


- 

1.0 


Emitter Cutoff Current 


<EBO 

- 

1.0 

mAdc 

(V EB = 5.0 Vdc, lc = 0 







ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = 3.0 Adc, V CE = 4.0 Vdc) 

LU 

U. 

.C 

35 

_ 

- 

(lc =10 Adc, Vqe = 4.0 Vdc) 


20 

100 


(1C = 25 Adc, V C E = 4.0 Vdc) 


4.0 

- 


Collector-Emitter Saturation Voltage (1) 

(1C = 15 Adc, l B = 1.5 Adc) 


_ 

1.0 

Vdc 

(l c = 25 Adc, l B = 6.25 Adc) 


- 

4.0 


Base-Emitter Saturation Voltage ( 1 ) 

(l C = 25 Adc, l B = 6.25 Adc) 

v BE(sat) 


2.5 

mi 

Base-Emitter On Voltage (1) 

(l c = 10 Adc, V C £ ~ 4.0 Vdc) 

v BE(on) 

— 


mi 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l c = 1.0 Adc, V C E = 10 Vdc, f test = 1.0 MHz) 

fT 

4.0 

— 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0. f = 1.0 MHz) 2N5883, 2N5884 

2N5885, 2N5886 

c ob 

- 

1000 

500 

PF 

Small-Signal Current Gain 
(l c = 3.0 Adc, V C E = 4.0 Vdc, f test = 1.0 kHz) 

h fe 

20 

- 

- 


SWITCHING CHARACTERISTICS 


Rise Time 

(V C c = 30 Vdc, I C = 10 Adc, 

1 B 1 = 1 B2 = 1° Adc) 

tr 

- 

0.7 

MS 

Storage Time 

t S 

- 

1.0 

MS 

Fall Time 

tf 

- 

0.8 

MS 


* I ndicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle< 2.0%. (2) fj = | h fe| • f test- 


FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUITS 



TURN-OFF TIME 



- t r < 20 ns 

— I ' — 10 to 100 MS V BB ^ 

DUTY CYCLED 2.0% 


FIGURE 3 - TURN-ON TIME 



FOR CURVES OF FIGURES 3 & 6, Rf$ & Rl_ ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN, REVERSE ALL POLARITIES 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN (continued) 


FIGURE 4 - THERMAL RESPONSE 













V VOLTAGE (VOLTS) V CE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN (continued) 


PNP DEVICES 
2N5883 and 2N5884 
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FIGURE 8 - DC CURRENT GAIN 
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NPN DEVICES 
2N5885 and 2N5886 
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VcE(sat) ®IC/lB = 10 


0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ip, COLLECTOR CURRENT (AMPERES) 


VBE(sat) @IC/lB = 10 




VcE(sat) @ «C/lB = 10 


0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

In, COLLECTOR CURRENT (AMPERES) 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN (continued) 


PNP DEVICES NPN DEVICES 

2N5883 and 2N5884 2N5885 and 2N5886 

FIGURE 11 - TEMPERATURE COEFFICIENTS 




FIGURE 12 - COLLECTOR CUT-OFF REGION 



+0.4 +0.3 +0.2 +0.1 0 -0.1 -0.2 -0.3 -0.4 -0.5 +0.6 


VBE- BASE-EMITTER VOLTAGE (VOLTS) 



-0.4 -0.3 -0.2 -0.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 +0.C 


VBE, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - EFFECTS OF EXTERNAL BASE-EMITTER RESISTANCE 



Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 










2n5887 thru 2n5901 


(GERMANIUM) 


GERMANIUM PNP POWER TRANSISTORS 

. . . designed for low frequency switching and amplifier applications 
requiring to 7.0 amperes collector current. 

• Low Collector-Emitter Cutoff Current — 

■CEX = 10 mA Ma x @ 100°C with Vce to 75 V 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 0.4 V Max @ lc = 7.0 A 

• Broad Range of Current Gain Available 

• TO-66 Cold Weld All Aluminum Package 

• Electrically Similar to 2N361 1 Series 


7.0 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

20-75 VOLTS 
57 WATTS 


^MAXIMUM RATINGS 


Collector-Emitter Voltage (Base Open) 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 


Base Current — Continuous 


Operating Case and Storage 
Temperature Range 


T otal Device Dissipation @ = 25°C 

Derate above 25°C 


v CEO 


^C-Tstg 


2N5888 

2N5889 

2N5893 

2N5897 

2N5901 


25 


2N5890 

2N5894 


2N5891 

2N5895 

2N5899 


2N5892 

2N5896 

2N5900 


Adc 

"*C” 


Watts 

W/°C 



'Indicates JEDEC Registered Data 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Value 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1 5 

°C/W 



P 

1 , 


~ — u — - 


c 


] 


I _ 


1 

1 


1 il 


SEATING PLANE 
STYLE 1: 

PIN 1 BASE 
2. EMITTER 
CASE. COLLECTOR 
Q 



DIM 

MILLIIV 

ETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

_ 

8.89 

_ 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


CASE 80-02 
TO-66 
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2N5887 thru 2N5901 (continued) 


*ELECTRICAL CHARACTERISTICS {Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 


BVCEO 



Vdc 

<I C = 500 mAdc, l B = 0) 

2N5887 


15 

- 



2N5888,89,93,97,2N5901 


25 

- 



2N5890,94,98 


35 

- 



2N589 1,95,99 


45 

- 



2N5892,96,2N 5900 


60 

- 


Collector-Emitter Breakdown Voltage (1) 


bv CES 



Vdc 

(1C = 250 mAdc, V BE = 0) 

2N5887 


20 

- 


2N5888,89,93,97,2N5901 


30 

- 



2N5890, 94,98 


45 

- 



2N5891, 95,99 


60 

- 



2N5892,96,2N 5900 


75 

- 


Collector Cutoff Current 


>CEO 

- 

30 

mAdc 

(Vce = 1/2 VcEO Max > 

All Types 





Collector Cutoff Current 


'CEX 



mAdc 

(Vce = V CES Max, V BE - 1.0 Vdc) 

All Types 


- 

5.0 


(Vce = VCES Max, V BE = 1.0 Vdc, T c = 100°C) 

All Types 


- 

10 


Collector Cutoff Current 


*CBO 



mAdc 

(V CB = 2.0 Vdc) 

All Types 


- 

0.06 


(V CB = 15 Vdc) 

2N5887 


- 

1.0 


(V C B = 25 Vdc) 

2N5888,89, 93,97, 2N 5901 


- 

10 


(V CB = 35 Vdc) 

2N 5890,94,98 


- 

1.0 


(V CB = 45 Vdc) 

2N5891, 95,99 


- 

1.0 


(V CB = 60 Vdc) 

2N5892,96,2N5900 


- 

1.0 


Emitter Cutoff Current 


'EBO 

- 

1.0 

mAdc 

(V B e = 20 Vdc, l c = 0) 

All Types 






ON CHARACTERISTICS (1) 


DC Current Gain 


h FE 



- 

(l C = 0.5 Adc, V C E = 2.0 Vdc) 

2N5887.88 


15 

350 


2N5889,90,91,92 


30 

70 



2N 5893, 94,95, 96 


60 

120 



2N5897,98,99,2N 5900 


100 

200 



2N5901 


175 

350 


dc = 3.0 Adc, Vce = 2.0 Vdc) 

2N5887.88 


10 

- 



2N5889,90,91,92 


15 

- 



2N 5893,94,95,96 


30 

- 



2N5897,98,99,2N5900 


50 

- 



2N5901 


75 

- 


d c ^ 7.0 Adc, V C E = 2.0 Vdc) 

2N 5887, 88 


5.0 

- 



2N5889 thru 2N5901 


10 

- 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(1C = 7.0 Adc, l B = 1.4 Adc) 

2N5887.88 


- 

0.4 


(1C = 7.0 Adc, l B = 700 mAdc) 

2N5889 thru 2N5901 


- - 

0.4 


Base-Emitter On Voltage 
(l C = 7.0 Adc. V C £ = 2.0 Vdc) 

All Types 

v BE(on) 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 


*T 

250 

- 

kHz 

(l C = 0.5 Adc, V C E = 12 Vdc) 

All Types 






(l)Pulse Test: Pulse Width <300 Ms, Duty Cycle< 2.0%. 
* Indicates JEDEC Registered Data. 
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2N5887 thru 2N5901 (continued) 




Ic, COLLECTOR CURRENT (AMP) 1C, COLLECTOR CURRENT (AMP) 


2N5887 thru 2N5901 (continued) 


FIGURE 7 - ACTIVE-REGION SAFE-OPERATING AREA 


FIGURE 8 -ACTIVE-REGION SAFE-OPERATING AREA 



40 50 60 70 80 90 100 110 


+0.5 +0.4 +0.3 +0.2 +0.1 0 -0.1 -0.2 


Tj, JUNCTION TEMPERATURE (°C) 


VBE, BASE-EMITTER VOLTAGE (VOLTS) 











V, VOLTAGE (VOLTS) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


■HH 

■KOI 


II 


Sfl 

llllllllll 


mi 


BSliiiil 


m 

■in 


■mi 

Hi 

■mi 

I1IHIIIIIHI 

■inn 


■in 

minnijM 

mini 

■■ 

nniiilS 

■mu 

iiinnniiiil 

■inn 


■311 


num 

nm: 


mss 

SSsiiSS 

5911 

■iiii 

ism 

iimi|iga|Hjll|M 


VBE(on) @ VCE = 2.0 V 


55111 


VCE(sat) @ »C/»B = 10 


I 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMP) 


0VC FOR VCE(sat) 1 


#VB FOR VBE(sat) 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMP) 










2n5941 (SILICON) 
2n5942 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


. . . designed primarily for applications as a high-power linear amplifier 
from 2.0 to 30 MHz, in single sideband mobile, marine and base station 
equipment. 

• Specified 28 Volt, 30 MHz Characteristics — 

Output Power = 40 W (PEP) - 2N5941 
= 80 W (PEP) — 2N5942 
Minimum Gain = 13 dB 
Efficiency = 40% 

Intermodulation Distortion = -30 dB (Max) 

• Isothermal-Resistor Design Results in Rugged Device 

• 2N5942 Available as Matched Pairs for Push-Pull 


Amplifier Applications 


40 W (PEP)— 30 MHz - 2N5941 
80 W (PEP) -30 MHz - 2N5942 

RF POWER 
TRANSISTORS 

NPN SILICON 


MATCHING PROCEDURE 

In the push-pull circuit configuration two device parameters are critical for 
optimum circuit performance. These parameters are VeE(on) ancJ h FE- Both 
parameters can be guaranteed by measuring Iqq of the devices and selecting 
pairs with a A lcQ ^ 10 mAdc. 

Actual Icq matching is performed in the 2N5942 test circuit with a Vqe 
equal to 28 Volts. The base bias supply is adjusted to set Iqq equal to 40 
mAdc using a reference standard 2N5942. The Icq of all production 2N5942 
transistors is measured using this base bias supply setting. The production 
2N5942's are tested and categorized in ranges of 10 mAdc. Finally, the de- 
vices are stocked as pairs with a guaranteed A lcQ ^ 10 mAdc. 


•maximum ratings 

Rating 

Symbol 

2N5941 

2N5942 

Unit 

Collector-Emitter Voltage 

VCEO 

35 

Vdc 

Collector-Base Voltage 

v CBO 

65 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current - Continuous 

ic 

6.0 

12 

Adc 

Total Device Dissipation @ Tc = 25°C 
Derate above 25° C 

PD 

80 

0.457 

140 

0.8 

Watts 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

* 

Indicates JEDEC Registered Data 





These devices are designed for RF operation. The total device 
dissipation rating applies only when the devices are operated as 
RF amplifiers. 






2. BASE 
3 EMITTER 
4. COLLECTOR 


DIM 

MILLI5 

DETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

24.64 

24,89 

0.970 

0.980 

b 

9.47 

9.73 

0.373 

0.383 

c 

6.07 

7.14 

0.239 

0 281 

D 

5.59 

5.84 

0.220 

0.230 


2 16 

2.67 

0 085 

0.105 

F 

0.10 

0.15 

0.004 

0.006 


18.25 ' 

18.54 

0.720 

Tl730~ 

H H - 

21.59 

22.10 

0 850 

0.870 

J 

3.12 

3.23 

0.123 

0.127 

K 

10.80 

11.05 

0.425 

0.435 

L 

6.22 

6.48 

0.245 

0.255 

M 

40° 

50° 

40° 

~ 50° 


3.81 

4.57 

0.150 

0.180 

~5~ 

2.97 

3.12 

0.117 

0.123 


CASE 211-01 



CASE 211-02 
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2N5941, 2N5942 (continued) 

*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol j Min | Max "" Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 100 mAdc, l B = 0) 


Collector-Emitter Breakdown Voltage 
(l c = 1 0O mAdc, V BE = 0) 

Emitter-Base Breakdown Voltage 


(l E = 1.0 mAdc, lc = O) 


Collector Cutoff Current 


(V CE = 28 Vdc, V BE = 0, T C = +55°C) 

2N5941 


2N5942 


ON CHARACTERISTICS 


DC Current Gain 


(l c = 0.5 Adc, V C E = 5.0 Vdc) 

2N5941 

(l C = 1-0 Adc, V CE = 5.0 Vdc) 

2N5942 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(1C = 0.25 Adc, V CE = 15 Vdc, f = 50 MHz) 

(1C = 0.5 Adc, Vce = 15 Vdc, f = 50 MHz) 

2N5941 

2N5942 

Output Capacitance 


(V CB = 28 Vdc, l E = 0, f = 1.0 MHz) 

2N5941 


2N5942 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 

( p out = 40 w (PEP), l c = 1.78 Adc (Max), V cc = 28 Vdc, 
f! = 30 MHz, f 2 = 30.001 MHz) 

(Pout = 80 W (PEP), l c = 3.575 Adc (Max), V C C = 28 Vdc, 
fj = 30 MHz, f 2 = 30.001 MHz) 

2N5941 

2N5942 

Intermodulation Distortion Ratio (Figure 1) j 

(P out = 40 W (PEP), l C = 1.78 Adc (Max), V C c = 28 Vdc, 
fj = 30 MHz, f 2 = 30.001 MHz) 

2N5941 

(Pout = 80 W (PEP), l c = 3.575 Adc (Max), V CC = 28 Vdc 
f! = 30 MHz, f 2 = 30.001 MHz) 

2N5942 

Collector Efficiency j 

( p out = 40 W (PEP), l C = 1 -78 Adc (Max), V cc = 28 Vdc, 
fl = 30 MHz, f 2 = 30.001 MHz) 

2N5941 

(P out = 80 W (PEP), l C = 3.575 Adc (Max), V cc = 28 Vdc, 
fl = 30 MHz, f 2 = 30.001 MHz) 

2N5942 


* Indicates JEDEC Registered Data, 


BV C EO 35 - Vdc 

BV C eS 65 - Vdc 

BV Eb0 4.0 - Vdc 






FIGURE 1 - 30 MHz TEST CIRCUIT 



Vbb adjusted for I CQ- 2N5941 - 20 mAdc (I CG = Quiescent 

RFC. 20 TURNS #12 AWG ENAMELED WIRE CLOSE WOUND IN 2 LAYERS, 1/4" I.D. 2N5942 - 40 mAdc Collector Current) 


T1: 20 TURNS #24 AWG WIRE WOUND ON MICRO-METALS T37-7 TOROID 
CORE CENTER TAPPED. 

T2: 1:9 XFMR; 6 TURNS OF 2 TWISTED PAIRS OF #28 AWG ENAMELED WIRE. 

(8 CRESTS PER INCH) BIFILAR WOUND ON EACH OF 2 SEPARATE BALUN CORES. 
(Stackpole #57-1503, No. 14 Material) Interconnected as shown 


Cl - 2N5941 - 80-480 pF, ARC0 466 or Equiv 
2N5942 - 170-780 pF, ARC0 469 or Equiv 
C2 - 2N5941 - 220 pF 
2N5942 - 330 pF 


RF BEADS. FERROXCUBE #56-590-65/3B 
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Pin, INPUT POWER mW (PEP) 


Pj n , INPUTPOWER mW (PEP) 






Pout. OUTPUTPOWER W (PEP) P ou t, OUTPUT POWER W (PEP) JMD, INTERMODULATION DISTORTION (dB) 


2N5941, 2N5942 (continued) 


INTERMODULATION DISTORTION versus OUTPUT POWER 

(fl = 30 MHz, f2 = 30.001 MHz) 



0 10 20 30 40 50 



0 20 40 60 80 100 


Pout- RF OUTPUT POWER W (PEP) 


Pout, RF OUTPUT POWER W(PEP) 


LINEAR OUTPUT POWER versus SUPPLY VOLTAGE 

(fl = 30 MHz, f2 = 30.001 MHz) 



9.0 12 15 18 21 24 27 30 33 

VCC, SUPPLY VOLTAGE (VOLTS) 


FIGURE 11 -2N5942 




9.0 12 15 18 21 24 27 30 33 


VCC, SUPPLY VOLTAGE (VOLTS) 


FIGURE 13 - 2N5942 
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2N5941, 2N5942 (continued) 



PARALLEL EQUIVALENT INPUT RESISTANCE versus FREQUENCY 

FIGURE 14 - 2N5941 FIGURE 15 - 2N5942 



f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 


FIGURE 16 - 2N5941 



FIGURE 17 - 2N5942 



f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 

FIGURE 18 - 2N5941 FIGURE 19 - 2N5942 



7.0 10 

20 

30 

3.0 

4.0 5.0 

7.0 10 

f, FREQUENCY (MHz) 





f, FREQUENCY (MHz) 
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Ic, COLLECTOR CURRENT (AMP) 'C, COLLECTOR CURRENT (mA) 


2N5941, 2N5942 (continued) 

COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 

FIGURE 20 - 2N5941 FIGURE 21 - 2N5942 



0.50 0.55 0.60 0.65 0.70 0.75 0.50 0.54 0.58 0.62 0.66 0.70 

VbE, BASE-EMITTER VOLTAGE (VOLTS) VbE, BASE-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA 

FIGURE 22- 2N5941 FIGURE 23 - 2N5942 



0.1 0.3 0.5 1.0 3.0 5.0 10 30 50 100 0.1 0.3 0.5 1.0 3.0 5.0 10 30 50 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) Vq E , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 24 - PUSH-PULL 120-WATT PEP, 2-30 MHz LINEAR AMPLIFIER 

Gpe = 13.5 dB, IMD = -31 dB (Typ) 



RF OUTPUT 


Cl 91 pF Dipped Mica 

C2 680 pF Dipped Mica 

C3,C4 3900 pF Ceramic (Total Lead Length to Bases Not to Exceed 3/4") 

C5,C6 0.047 ;uF Polyester Film (Total Lead Length to Collectors Not to 

Exceed 1/2") 

C7 27 pF Dipped Mica 

C8 3300 pF Ceramic 

C9,C10 0.33 #jF Ceramic 

C11 500 iuF, 6.0 Volt Electrolytic 

R1,R2 5.0 Ohm, (Two 10 Ohm, 1/2 Watt Carbon Resistors in Parrallel) 

R3 20 Ohms, 10 Watts 

L1,L2 10 ptH Molded Chokes 

L3.L4 FERROXCUBE VK200 19/4B (or 6 Ferrite Beads on #20 AWG) 


D1 1N4997 (Mounted to Heat Sink Near Q1 and Q2) 

Q1,Q2 2N5942 Matched Pair 

T1 A and B Consist of 5 Turns of 4 Pairs of #32 AWG loosely twisted, 

Enameled Wires Wound on the Outer Toroids of INDIANA GENERAL TV 
Antenna Balum Core F684-1. C = 2 Pairs of #32 AWG Wound on 
the Inner Toroid of the Balum Core 

T2 Collector Choke, 4 Turns, 2 Twisted Pairs of #22 AWG Enameled 

Wire (4 Twists Per Inch), Wound on INDIANA GENERAL F627-8Q1 or 
Equivalent Toroid. 

T3 A and B Consist of 5 Turns, 2 Twisted Pairs of #24 AWG, C Con- 

sists of 10 Turns, 1 Twisted Pair of #24 AWG Enameled Wire. 

(All Winding 6 Twists Per Inch) Core = INDIANA GENERAL 
F624-19Q1 or Equivalent. 


NOTE For more information on transformers, see AN-593, "Broadband 
Linear Power Amplifiers Using Push-Pull Transistors." 


The maximum theoretical output from a 28 Volt push-pull ampli- 
fier, with a 1:4 output transformer, is 110-112 Watts, due to the 
limited voltage swing (assuming the transformer is a perfect 1:4). 
In most transmission line type transformers, the transformation 
ratio is usually higher, especially at the higher frequencies. Thus, 


depending on the amount of flat-topping that can be tolerated, 
and the compensation techniques of the transformer higher power 
outputs can be realized at reasonably low distortion. Ideally a 
1:6 output transformer would be required for a power output of 
150 Watt PEP. 
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2N5941, 2N5942 (continued) 


APPLICATIONS INFORMATION 


The 2N5941 and 2N5942 transistors are designed for linear power 
amplifier operation in the HF region (2 to 30 MHz). They feature 
guaranteed linear amplifier performance rather than the conven- 
tional performance demonstrated in a class C* amplifier. 

Class C operation is inherently non-linear, but in many power 
amplifier applications non-linear operation does not present major 
problems. With a single frequency driving signal, the only spurious 
signals generated are harmonics and these can be suppressed in the 
amplifier tuned networks and output filter. 

For single sideband (SSB), low level amplitude modulation 
(AM), and other types of complex signals, class C operation is gen- 
erally not satisfactory. For instance, when a signal contains 
multiple frequencies at close spacings, odd-order non-l inearities will 
generate spurious outputs which are within the passband of the 
tuned circuits and filters; therefore, the spurious outputs are not 
suppressed before they reach the antenna or other load. As a 
result, such complex signals require linear amplification if the ampli- 
fied signal is to be free of spurious outputs. 

A detailed analysis of spurious signals generated by non-linear- 
ities and linearity requirements of various applications is described 
in Chapter 12 of Reference 1. 

The following discussion concerns itself with a detailed descrip- 
tion of the 2N5941-2 characterization curves and general informa- 
tion on solid-state linear power amplifier design. 

The Two-Tone Test 

The 2N5941-42 functional test specification consists of a linear 
power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion (IMD) output levels. A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. 

The two-tone test is one of many methods commonly used 
for testing linear amplifier performance. This test involves driving 
the amplifier with two RF signals, of equal amplitude, separated 
in frequency from each other by approximately 1 kHz. 

When a two-tone test signal consisting of frequencies f i and I2 
is passed through a non-linear amplifier, odd order non-linearities 
generate spurious signals near the desired carrier. The level of these 
spurious signals provides a measure of the degree of non-linearity 
of the amplifier. This type of non-linearity is called intermodulation 
distortion (IMD). The spurious signals generated by IMD are 
further classified according to the exponential order of the amplifier 
non-linearity, i.e., 3rd order IMD products, 5th order IMD products, 
etc. The 3rd and 5th order IMD products are usually the most signi- 
ficant encountered with linear power amplifiers. Data on both 3rd 
and 5th order IMD are included in the 2N5941-42 characterization. 

Third order IMD generates spurious signals near the operating 
frequency at frequencies 2f -j - f2 and 2f2 — fj; and 5th order 
IMD spurious signals are at frequencies 3f^ — 2f2 and 3f2 — 2ff. 
Specifications and Characterization 

The two-tone functional amplifier test is performed in a manner 
identical to the conventional class C functional test with two excep- 
tions: a two-frequency signal is used in place of a single frequency, 
and amplifier linearity is added to the items tested and specified. 

The functional test procedure for the 2N 594 1-42 requires 
driving the test amplifier with a two-frequency signal and measuring 
power output, gain, efficiency, and linearity. 

Power output, gain, and efficiency measurement methods are 
the same for both linear and class C amplifiers. 


Since a multiple frequency test signal has an instantaneous power 
level which varies with time, power levels are normally expressed 
in peak envelope power (PEP). This is the average power level of 
the envelope at its greatest amplitude point. 

When the test signal consists of multiple signals with equal ampl i- 
tudes and different frequencies, the relationship of average power 
and PEP is given by the following expression: 

PEP 

Average power = -jq- 

where N = the number of input frequencies. 

Therefore, when measuring the power level of a standard two- 
tone test signal, a true average reading power meter will indicate 
1/2 the PEP of the signal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order IMD products. The ratio of one of the 3rd order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibels (dB). This is repeated for the 5th order products. 
The smaller of these two ratios (usually the 3rd order) is then 
included in the electrical characteristics specification as inter- 
modulation distortion ratio (IMD). 

2N5941-42 Performance Curves 

Figures 2 through 7 show typical power output and gain char- 
acteristics versus frequency and/or input power. These curves are 
similar to those found on other RF power transistor data sheets 
with one exception, a two-frequency test signal was used rather 
than a single frequency signal. 

The curves shown in Figures 8 and 9 are unique to transistors 
characterized for linear power amplifier service and show the 
typical IMD levels versus power output. 

The 2N5941-42 feature guaranteed IMD performance at the 
-30 dB level. However, the designer may desire IMD greater or 
less than -30 dB for a particular application. Figures 8 and 9 pro- 
vide data on IMD levels that can be expected as a function of 
output power. 

Figures 10 and 11 show the variation in gain with dc supply 
voltage and provide data on gain only. They do not include infor- 
mation on IMD ratio. 

Figures 12 and 13 reflect the power output that can be obtained 
at a fixed IMD ratio for operation with dc supply voltages other 
than 28 Vdc. 

Figures 14 through 19 show the large signal impedance char- 
acteristics of the 2N5941-42. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a single frequency signal. 

It must be stressed that the data shown in Figures 14 through 19 
do not represent y, z, h, s, or any standard two-port parameter set. 
The actual transistor impedance levels during normal operation in 
an amplifier are given. For a detailed discussion of RF power 
transistor large signal impedance, see Reference 2. 

Linear Amplifier Design 

The following is a discussion of some general design considera- 
tions for solid-state linear power amplifiers. While this is not a 
detailed analysis of linear amplifier design, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the intro- 
duction, class C operation usually involves a collector dc supply as 
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2N5941, 2N5942 (continued) 


APPLICATIONS INFORMATION (continued) 


the only bias voltage with Vg = Vg = 0. The collector current is 
zero until the input RF signal turns the transistor "on”. 

In contrast, a linear amplifier is normally operated with forward 
bias and some collector current flowing when no signal is present. 

The magnitude of no-signal collector current and the bias cir- 
cuitry may vary with the application. Optimum no-signal collector 
currents for the 2N5941 and 2N5942 were found to be approx- 
imately 20 mA and 40 mA respectively. 

The key to bias circuitry for good linearity lies in maintaining 
the base-emitter dc voltage relatively constant as the RF signal 
amplitude varies. The inherent nature of a forward-biased RF 
power transistor is to bias itself "off” with increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 

Temperature effects also complicate the situation, since Vgg 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward-biased diode mounted on the transistor heat sink for 
thermal coupling to the transistor. A sample of this technique is 
shown in the test circuit of Figure 1. The capacitor in parallel with 
the diode helps maintain a constant Vgg with RF drive and im- 
proves linearity, while the diode provides temperature compensation 
to prevent thermal runaway. It is also possible to use complex 


active circuitry for biasing, and some rather exotic schemes have 
been developed to provide the same results. 

Another important consideration is the collector-output net- 
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity than a network with high 
harmonic impedances; therefore, some experimentation with net- 
work configuration is in order. Proper impedance matching remains 
the primary factor in both input and output network design. 
Further, it must also be stressed that the collector load impedance 
should be designed for the PEP, not the average power output. 
See Chapter 13 of Reference 1 for a detailed discussion of network 
design considerations. 

Feedback may also be employed to improve linearity and may 
take the form of either neutralization or negative RF feedback. 
The possibilities here are limited only by the designer's imagination. 
Of course, negative RF feedback involves a decrease in gain to 
improve linearity. 

REFERENCES 

1. Pappenfus, Bruehe, Schoenike, "Single Sideband Principles and 
Circuits”, McGraw-Hill. 

2. Hejhall, "Systemizing RF Power Amplifier Design", Motorola 
Semiconductor Products Inc., Application Note AN-282A. 


"Class C", as used here refers to operation with the no signal con- 
ditions lc = 0, and Vgg = 0, and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be more than 180°. 
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2n5943 (SILICON) 


The RF Line 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 

. . . designed specifically for broadband applications requiring low 
cross-modulation distortion and low-noise figure. Characterized for 
use in CATV applications. The 2N5943 was formerly MM 8002. 

• Low Noise Figure — @ f = 200 MHz 

NF (Narrowband) = 3.4 dB (Typ) 

NF (Broadband) = 6.8 dB (Typ) 

• High Current-Gain — Bandwidth Product — 

fj = 1200 MHz (Min) @ l C = 50 mAdc 

• Completely Characterized with S and Y-Parameters 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

3.5 

Vdc 

Collector Current — Continuous 

•c 

400 

mAdc 

Total Device Dissipation @ T^ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


5.7 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

P D 

3.5 

Watts 

Derate above 25°C 


0.02 

W/°C 

Operating and Storage Junction 

Tj,T st g 

-65 to +200 

°c 

Temperature Range 




’Indicates JEDEC Registered Data. 


FIGURE 1 - NARROW-BAND TEST CIRCUIT 


Vc 



NPN SILICON 
HIGH-FREQUENCY 
TRANSISTOR 



I— A — i 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° N0M 

45° N0M 

P 

__ 'j“ 27 - 


0.050 

Q 

90° N0M 

90° NOM 

R 

2.54 | - 

0.100 

- 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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2N5943 (continued) 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


| Characteristic | Symbol | Min | Typ J Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1C = 5.0 mAdc, l B = 0) 

BV CEO 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100 juAdc, l E = 0) 

BVcbO 

40 

— 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(1 E = 100 MAdc, l C = 0) 

bv EBO 

3.5 

~ 


Vdc 

Collector Cutoff Current 
(V CE = 20 Vdc, l B = 0) 

mm 

~ 

_ 

50 

MAdc 

Collector Cutoff Current 
(V C b = 15 Vdc, l E = 0) 




10 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

Oc = 50 mAdc, V CE = 15 Vdc) 

■HA 

25 

- 

300 

- 

Collector-Emitter Saturation Voltage 
(Iq = 100 mAdc, lg = 10 mAdc) 


- 



Hi 

Base-Emitter Saturation Voltage 
( lc ~ 100 mAdc, lg = 10 mAdc) 

HB 

" 

0.88 


wm 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (Figure 2) 

(l C =25 mAdc, V CE = 15 Vdc, f = 200 MHz) 

(l c = 50 mAdc, V CE = 15 Vdc, f = 200 MHz) 

(l C = 100 mAdc, V CE = 15 Vdc, f = 200 MHz) 


1000 

1200 

1000 

1350 

1550 

1425 

2400 

MHz 

Collector-Base Capacitance (Figure 5) 

< V C B = 30 Vdc, 1 E = 0, f = 100 kHz) 





pF 

Emitter-Base Capacitance (Figure 5) 

(V EB = 0.5 Vdc, 1 c = 0, f = 100 kHz) 


— 

8.4 

15 

pF 

Small-Signal Current Gain 

(l C = 50 mAdc, V CE = 15 Vdc, f = 1.0 kHz) 


25 



— 

Collector-Base Time Constant 

(l E = 50 mAdc, V CB = 15 Vdc, f = 31.8 MHz) 

r b C c 

2.0 

5.5 

20 

ps 

Noise Figure 

(Iq = 30 mAdc, V CE = 15 Vdc, f= 200 MHz) (Figure 1) 

dC = 35 mAdc, V C e * 15 Vdc, f = 200 MHz) (Figures 6, 1 1, 14) (1) 

NF 


3.4 

6.8 

8.0 

dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 

Oc = 10 mAdc, Vce ” 15 Vdc, f = 200 MHz) (Figure 1) 

(l C = 50 mAdc, V C E = 15 Vdc, f = 250 MHz) (Figure 6) 

^pe 

7.0 

11.4 

7.6 

- 

dB 

Intermodulation Distortion (Figure 7) 

IM 

_ 

_ 

-50 

dB 

(l C = 50 mAdc, V C E * 15 Vdc, V out = +50 dBmV) 






Cross Modulation Distortion (Figure 8) 

XM 




dB 

(1C = 50 mAdc, Vce = 15 Vdc, V out = +40 dBmV) 


- 

-67 

_ 


(l C = 50 mAdc, V C e = 15 Vdc, V out = +50 dBmV) 

i 



-42 

-45 



’Indicates JEDEC Registered Data. 

(1) Includes noise figure of post-amplifier and matching pad. 
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V, VOLTAGE (VOLTS) fT, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


2N5943 (continued) 


FIGURE 2 - CURRENT-GAIN - BANDWIDTH PRODUCT FIGURE 3 - COLLECTOR-BASE TIME CONSTANT 



0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 

1C, COLLECTOR CURRENT (mAdc) Iq, COLLECTOR CURRENT (mAdc) 


FIGURE 4 - SATURATION VOLTAGES FIGURE 5 - CAPACITANCES versus REVERSE VOLTAGE 



1C, COLLECTOR CURRENT (mAdc) Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 6 - BROADBAND TEST CIRCUIT 



Cl 1.0-10 pF JOHANSON 2951 OR EQUIVALENT 
C2,C7 0.01 mF 

C3 0.5-6.Q pF JOHANSON 4642 OR EQUIVALENT 
C4,C6 1500 pF 

C5 470 pF 

LI 2 TURNS AWG #26, 5/32" I.D. 

L2 IjuH MOLDED CHOKE 

L3 5 TURNS AWG #26, 3/32" I.D. 

L4 FERRITE CHOKE, 3TURNS #30 ON 
STACKPOLE 57-0156 BEAD 
L5 2 TURNS AWG #26, 3/32" I.D. 

T1 AWG #30 TRI FILAR WOUND 1-9-9 ON 

STACKPOLE 57-0985, #11 TOROID 

R1 270 OHMS 

R2 18 OHMS 

R3 150 OHMS 


GARLOCKTEFLON SOCKET 
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2N5943 (continued) 


FIGURE 7 - INTERMODULATION DISTORTION TEST 
SETUP AND PROCEDURE 



ADJUST CHANNEL 2 GENERATOR FOR RATED OUTPUT FROM TEST 
AMPLIFIER (CHANNELS G & 13 OFF). 

REPEAT FOR CHANNEL G (2 & 13 OFF) AND CHANNEL 13 (2 & G OFF). 
NOTE FOR REFERENCE THE FIELD STRENGTH METER READING FOR 
CHANNEL 13 (2 & G OFF). 


3. TURN CHANNEL 13 OFF AND DRIVE THE TEST AMPLIFIER 
WITH CHANNELS 2 & G. MEASURE THE LEVEL OF INTERMODULATION 
DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 
IN STEP 2. 


FIGURE 8 - CROSS-MODULATION DISTORTION TEST SETUP 
AND PROCEDURE 



MEASUREMENT PROCEDURE 


1. ADJUST THE CROSSMODULATION EQUIPMENT FOR +40 dBmV OUTPUT 
FROM EACH CHANNEL. 

2. ADJUST ATTENUATOR #1 FOR THE DESIRED OUTPUT LEVEL FROM 
THE TEST AMPLIFIER. ADJUST ATTENUATOR #2 TO MAINTAIN THE 
FIELD STRENGTH METER INPUT AT +10 dBmV. 


3. WITH THE FIELD STRENGTH METER SELECT CHANNEL 13. USING 
THE WAVE ANALYZER MEASURE THE LEVEL OF THE MODULATION 
ON CHANNEL 13 DUE TO CROSS-MODULATION OF CHANNELS 2-12. 


FIGURE 9 - CROSS-MODULATION DISTORTION versus 
COLLECTOR CURRENT 


FIGURE 10 - CROSS-MODULATION 
DISTORTION versus OUTPUT LEVEL 
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NF, NOISE FIGURE (dB) NF, NOISE FIGURE (dB) 


2N5943 (continued) 


FIGURE 11 - NOISE FIGURE TEST SETUP 



NOTE 1. RG-59 CABLE WITH ORIGINAL CENTER CONDUCTOR REPLACED WITH 

#30 WIRE. OVERALL LENGTH, INCLUDING BNC CONNECTORS, IS A 
QUARTER-WAVELENGTH AT 200 MHz (APPROX. 11 INCHES). USED TO 
MATCH IMPEDANCE OF NOISE DIODE TO AMPLIFIER UNDER TEST. 


THE NOISE FIGURE OF THE POST-AMPLIFIER AND MINIMUM LOSS PAD 
IS 8.4 dB. 


FIGURE 12 - NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 



0 10 20 30 40 50 60 70 80 90 100 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 13 - NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 



FIGURE 14 - BROADBAND NOISE FIGURE versus 
COLLECTOR CURRENT 


1 1 

VrF = 15 Vdc 






f = 

200 MHz 



















Devic 

e and Circ 

jit 

____ 















— -H 







/ice Only 




























20 25 30 35 40 45 50 55 60 


FIGURE 15 - NARROWBAND NOISE FIGURE versus 
FREQUENCY 



50 70 100 200 300 500 


1C, COLLECTOR CURRENT (mAdc) 


f, FREQUENCY (MHz) 
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yfe, FORWARD TRANSFER ADMITTANCE (mmhos) y re , REVERSE TRANSFER ADMITTANCE (mmhos) yie, INPUT ADMITTANCE (mmhos) 


2N5943 (continued) 


FIGURE 16 - INPUT ADMITTANCE versus FREQUENCY 


FIGURE 17 - INPUT ADMITTANCE 
versus COLLECTOR CURRENT 




0 10 20 30 40 50 60 70 80 90 100 


{, FREQUENCY (MHz) 


1C, COLLECTOR CURRENT (mAdc) 


FIGURE 18 - REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 


FIGURE 19 - REVERSE TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 



100 200 300 500 700 1000 

f, FREQUENCY (MHz) 



1C, COLLECTOR CURRENT (mAdc) 


FIGURE 20 - FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 


FIGURE 21 - FORWARD TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 



f, FREQUENCY (MHz) 


1C, COLLECTOR CURRENT (mAdc) 
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y oe , OUTPUT ADMITTANCE (mmhos) 


2N5943 (continued) 


FIGURE 22 - OUTPUT ADMITTANCE versus FREQUENCY 


FIGURE 23 - OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 



20 

_ 18 

1 16 

E 
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o 
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s 10 
□ 

2 8.0 
h 6.0 


2.0 
0 

0 10 20 30 40 50 60 70 80 90 100 

1C, COLLECTOR CURRENT (mAdc) 
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— Vce = 15\ 
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FIGURE 24 - INPUT REFLECTION COEFFICIENT versus 
FREQUENCY 



FIGURE 25 - OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 27 - FORWARD TRANSMISSION COEFFICIENT 
versus FREQUENCY 


40' 



2n5944 (SILICON) 

2n5945 

2n5946 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for 7.0 to 15 Volts, UHF large signal amplifier applica- 
tions required in industrial and commercial FM equipment operating 
in the 400 to 960 MHz range. 

• Specified 12.5 Volt, 470 MHz Characteristics - 

Power Output = 2 0 W • 2N5944 
4.0 W - 2N5945 
10W - 2 N 5946 

Minimum Gain = 9.0 dB - 2N5944 

8.0 dB - 2N5945 

6.0 dB - 2N5946 
Efficiency = 60% Minimum 

• RF ballasting provides protection against device damage due to 

load mismatch 

• Characterized with series equivalent large-signal impedance 

parameters 


MAXIMUM RATINGS 

Rating 

Symbol 

2N5944 | 2N5945 | 2N5946 

Unit 

‘Collector-Emitter Voltage 

v CEO 

— 16 — 

Vdc 

‘Collector-Base Voltage 

v CBO 

36 

Vdc 

‘Emitter-Base Voltage 

v EBO 

— 4 0 — 

Vdc 

‘Collector Current — Continuous 

'c 

04 

08 

2 0 

Adc 

‘Total Device Dissipation @Tq= 25°c 0) 
Derate above 25°C 

PD 

50 

28 5 

15 

85.5 

37 5 

214 

Watts 

mW/°C 

‘Storage Temperature Range 

T stg 

-65 to +200 — 

°C 

Stud Torque(2) 

- 

— 6 5 

m-lbs. 

* Indicates JEDEC Registered Data 

( 1 ) These devices are designed for R F operation The total device dissipation rating 
applies only when the devices are operated as RF amplifiers 

(2) For repeated assembly use 5 m-lbs 


2.0, 4.0, 10W -470 MHz 

RF POWER 
TRANSISTORS 

NPN SILICON 





8-32 MC 2 A 
WRENCH FLAT 


DIM 

"MILLIMETERS! 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

7.06" 

7.26 

0.278 

0.286 

B 

6.25 

6.45 

0.246 

0.254 

C 

15.49 

16.51 

0.610 

0.650 

D 

5.59 

5.84 

0.220 

0.230 

E 

1.52 NOM 

0.060 NOM 

H 

26.80 

27.05 

1.055 | 1.065 

J 

0.127 

NOM 

0.005 NOM 

K 

13.41 

13.51 

0.528 1 0.532 

M 

45° 

NOM 

45° NOM 

P 

_ 

1.27 

_ 

0.050 

R 

4.52 

5.03 

0.178 

0.198 

S 

3.00 

3.25 

0.118 

0.128 

T 

1.40 

1.65 

0.055 

0.065 

U 

2.92 

3.68 

0.115 

0.145 


CASE 244 
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2N5944, 2N5945, 2N5946 (continued) 


"ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bvceo 




Vdc 

(l C = 50 mAdc, l B = 0) 

2N5944 


16 

- 

- 


(Ic = 100 mAdc, l B = 0) 

2N5945 


16 

- 

- 


<I C = 200 mAdc, l B = 0) 

2N5946 


16 

- 

- 


Collector-Emitter Breakdown Voltage 


bvces 




Vdc 

(l C = 50 mAdc, V BE = 0) 

2N5944 


36 

~ 

- 


Oc = 100 mAdc, V BE = 0) 

2N5945 


36 

- 

- 


(lC = 200 mAdc, V BE = 0) 

2N5946 


36 

- 

~ 


Emitter-Base Breakdown Voltage 


BV E BO 




Vdc 

(l E = 1.0 mAdc, l c = 0) 

2N5944 


4.0 

- 

- 


(l E = 2.0 mAdc, lc = 0) 

2N5945 


4.0 

- 

- 


(l E = 4.0 mAdc, l c = 0) 

2N5946 


4.0 

- 

- 


Collector Cutoff Current 


ices 




mAdc 

(V C E = 15 Vdc, V BE = 0, T C = 55°C) 

2N5944 


- 

0.2 

10 



2N5945.2N5946 


- 

0.5 

20 


Collector Cutoff Current 


■cbo 




mAdc 

(V CB = 15 Vdc, l E = 0) 

2N5944,2N5945 


- 

- 

1.0 



2N5946 


- 

- 

2.0 



ON CHARACTERISTICS 


DC Current Gain 


h FE 




- 

(l C = 100 mAdc, V C e = 5.0 Vdc) 

2N5944 


20 

80 

- 


(lc = 200 mAdc, Vce = 5.0 Vdc) 

2N5945 


20 

80 

- 


(l c = 500 mAdc, V C e = 5.0 Vdc) 

2N5946 


20 

80 

- 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 




pF 

(Vce = 12-5 Vdc, l E = 0, f = 1.0 MHz) 2N5944 


- 

11 

15 


2N5945 


- 

18 

25 


2N5946 


- 

38 

45 



FUNCTIONAL TEST (Figure 20) 


Common-Emitter Amplifier Power Gain 

(V C C= 12.5 Vdc, P out ~ 2.0 W, l c (max) =267 mAdc, 
f = 470 MHz) 

2N5944 

Gpe 

9.0 

10 

- 

dB 

(V C C = 1 2 5 Vdc, P out = 4.0 W, l c (max) = 533 mAdc, 
f = 470 MHz) 

2N5945 


8.0 

9.0 

— 


( V C C = 12.5 Vdc, P out = 10W, lc(max) = 1.33Adc, 
f = 470 MHz) 

2N5946 


6.0 

7.0 

— 


Collector Efficiency 

(V C C = 12-5 Vdc, P out = 2.0 W, l c (max) = 240 mAdc, 
f = 470 MHz) 

2N5944 

4 

60 

- 

~ 

% 

(V C C = 12.5 Vdc, P out = 4.0 W, l C (max) = 500 mAdc, 
f = 470 MHz) 

2N5945 


60 

- 



(V C c = 12.5 Vdc, P out = 10W, l c (max) = 1.3 Adc, 
f = 470 MHz) 

2 N 5946 

1 


60 


“ 



* I nd icates JE DEC Registered Data 


These devices are available in various packages, such as a stud- 
less stripline package, TO-39, and also in chip form on beryllium 
oxide carriers for hybrid assemblies. 

For further information, contact your nearest Motorola repre- 
sentative or the factory representative. 
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Pout, OUTPUT POWER (WATTS) P out , OUTPUT POWER (WATTS 


2N5944, 2N5945, 2N5946 (continued) 


2N5944 

TYPICAL PERFORMANCE DATA 


FIGURE 1 - SERIES EQUIVALENT IMPEDANCE 


FIGURE 2 - OUTPUT POWER versus SUPPLY VOLTAGE 


r z 0 ut "“IIIII" 
Woo 5.3- ,12.3 

' 450 5.3 - jll.O ±:_-^t: 
5 510 5.3 -j 8.7 4 Tr 


[jT 400 1.2 + j.66 
‘ I T 450 1.2 + j.66 I 
FFT510 1.5+ j0.3 • 


Vcc= 12.5 Vdc, Pout = 2.0 W 


1 

f = 470 MHz 







■ 





Pin = 2 

00 mW 



■ 


















































1 







7.0 8.0 9.0 10 11 12 13 14 

VCC. SUPPLY VOLTAGE (VOLTS) 


FIGURE 3 - OUTPUT POWER versus INPUT POWER 


FIGURE 4 - OUTPUT POWER versus FREQUENCY 



200 300 

Pin, INPUT POWER (mW) 



430 450 470 490 

f, FREQUENCY (MHz) 


FIGURE 5 - OUTPUT POWER versus INPUT POWER 


FIGURE 6 - OUTPUT POWER versus INPUT POWER 










Vcc = ' 

.5 Vdc 







f = i 

70 MHz 
































































160 

Pin, INPUT POWER (mW) 


U3 o n I V CC =13.6Vd 

[z JU f = 960 MH 



0.2 0.4 0.6 0.8 

Pin, INPUT POWER (WATTS) 







2N5944, 2N5945, 2N5946 (continued) 


2N5945 

TYPICAL PERFORMANCE DATA 


FIGURE 7 - SERIES EQUIVALENT IMPEDANCE 


i Zout 
C 400 4.6 - j6.3 
* 450 4.6 - j5.6 , 
V 510 4.7- j5-2 ; 


:qx::i400 i.i + ji .07 

= lo^4=T 450 1 2+ i 1 - 3 : 

1.4+ jl.9 y 


$smm 

Vcc= 12.5 Vdc, Pout = 4.0 W 


FIGURE 8 - OUTPUT POWER versus SUPPLY VOLTAGE 

8.0 | 1 1 1 1 1 1 1 








f = 47 

MHz 



Pin = 0. 

Watts 











- 

r 



' 

^ i 






















7.0 8.0 9.0 10 11 12 13 14 

Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 9 - OUTPUT POWER versus INPUT POWER 


FIGURE 10 - OUTPUT POWER versus FREQUENCY 


rr 




■ 






< 

C = 12. 

1 









t = 470 

MHz 













































_ . 














0.1 0.3 0.5 0.7 0.9 1.1 

Pin, INPUT POWER (WATTS) 



420 440 


460 480 500 

f, FREQUENCY (MHz) 


FIGURE 11 - OUTPUT POWER versus INPUT POWER 


_Vcc = 7.5Vdc 
f = 470 MHz 


FIGURE 12 - OUTPUT POWER versus INPUT POWER 



0.2 0.4 0.6 

Pin, INPUT POWER (WATTS) 












Vci 

= 13.6 

Vdc 









= 960 

MHz 



























































1.75 2.25 

Pin, INPUT POWER (WATTS) 






Pout. OUTPUT POWfcR (WATTS) 


2N5944, 2N5945, 2N5946 (continued) 


2N59 

TYPICAL PERFO 


FIGURE 13 - SERIES EQUIVALENT IMPEDANCE 



V C C=12.5Vdc, Pout = 12 W 


FIGURE 15 - OUTPUT POWER versus INPUT POWER 



FIGURE 17 - OUTPUT POWER versus INPUT POWER 



Pout, OUTPUT POWER (WATTS) P out , OUTPUT POWER (WATTS) 


DATA 



7.0 8.0 9.0 10 11 12 13 14 


Vcc.SUPPLY VOLTAGE (VOLTS) 



0 L. 
440 


460 


480 

f, FREQUENCY (MHz) 


500 




2N5944, 2N5945, 2N5946 (continued) 



01,02,04,013,014 
03, 07, 08 

05.011 

06.012 
09,010 


0.9-7. 0 pF ARCO 400 or equivalent 

25 pF UNELCO or equivalent 

0.1 nF Ceramic 35 V 

680 pF ALLEN BRADLEY Feedthru 

1.0 nF, 35 V Tantalum 


L2,L4 5 Turns #18 AWG Enameled 0.2" I.D. 

L5 FERROXCUBE Ferrite Choke V K200 20/4B 

Z1,Z2,Z3 Microstrip Lines (See Template Below) 

Q1 2 N 5944 

Q2 2N5946 


FIGURE 19 - OUTPUT POWER versus FREQUENCY 


10 W AMPLIFIER PERFORMANCE 


< 

o 

o 

= 12.5 Vdc 


Frequency 

Pin Pout 

•c 

MHz 

mW W 

Amp 

440 

250 8.5 

1.5 

450 

250 1 1 

1.6 

460 

250 12 

1.6 

470 

250 10.9 

1.5 

480 

250 8.2 

1.2 


vcc 

Pir 

1 

= 12.5 Vdc 
= 250 mW 

1 










/ 










460 

f, FREQUENCY (MHz) 


P.C. Board 3x2x0.062 Inch G10 Per Template 



[>!>] 





2N5944, 2N5945, 2N5946 (continued) 


470 MHz TEST CIRCUIT 

FIGURE 20 


+12.5 Vdc 



Cl, 2 1.0-25 pF ARCO 421 OR EQUIVALENT CONNECTORS ARE TYPE "N" 

C3,4 1 0-25 pF ARCO 421 OR EQUIVALENT BOARD IS GLASS TEFLON 

LI, 2 7 TURNS #22 AWG, 0.2" I.D. 3" x 5" x 0.060" 

FERRITE BEADS FERROXCUBE 56-590-65-3B MOUNTING PLATE IS 3" x5" xO 75" 

AS SHOWN ON LI 
FL1 DC SUPPLY FILTER 

2-1000 pF FT CAPACITOR 
1-1.0 pF, 35 V CAPACITOR 
1-CHOKE FERROXCUBE VK200-20-4B 


FIGURE 21 


1000 pF 1000 pF 

FEEDTHRU FEEDTHRU 
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2n5947 (SILICON) 


The RF Line 


NPN SILICON HIGH FREQUENCY TRANSISTOR 

. . . designed specifically for broadband applications requiring low 
cross-modulation distortion and low noise figure. Characterized for 
use in CATV applications. The 2N5947 was formerly the MM8012. 

• Low Cross Modulation Distortion — 

XM = -57 dB (Max) @ +50 dBmV Output 

• Low Noise Figure — @ f = 200 MHz 

NF (Narrowband) =3.8 dB (Typ) 

NF (Broadband) = 8.5 dB (Max) 

• High Broadband Power Gain — 

G p e = 10 dB (Min) @ f = 250 MHz 


HIGH FREQUENCY 
TRANSISTOR 

NPN SILICON 



"MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

Veb 

3.5 

Vdc 

Collector Current — Continuous 

>C 

400 

mAdc 

T otal Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

5.0 

28.6 

Watts 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

‘Indicates JEDEC Registered Data. 






STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

7.06 

7.26 

0.278 

0.286 

B 

6.25 

6.45 

0.246 

0.254 

C 

15.49 

16.51 

0.610 

0.650 

D 

0.64 

T8!P 

0.025 

0.035 

E 

1.40 

1.65 

0.055 

0.065 

F 

5.59 

5.84 

0.220 

0.230 

H 

26.67 

27.18 

1.050 

1.070 

J 

0.10 

0.15 

0.004 

0.006 

K 

13.34 

13.59 

0.525 

0.535 

L 

8.26 

8.51 

0.325 

0.335 

M 

40° 

50° 

40° 

50° 

N 

1.40 

1.65 

0.055 

0.065 

P 

- 

1.27 

- 

0.050 

S 

3.00 

3.25 

0.118 

0.128 

T 

1.40 

1.65 | 

0.055 

0.065 

U 

2.92 

3.68 

0.115 

0.145 

V 

10° 

20° 

10° 

20° 


CASE 144D-04 
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2N5947 (continued) 

"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


C 


I . Ty f H 


Characteristic 


Symbol 


Max 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

0 C = 20 mAdc, l B = 0) 

bv CEO 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100 M Adc, l E = 0) 

b^cbo 

40 

— 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, l c = 0) 

bv eb0 


- 

- 

Vdc 

Collector Cutoff Current 
(V C E = 28 Vdc, l B = 0) 

'CEO 

- 

- 

100 

MAdc 

Collector Cutoff Current 
(V C B = 20 Vdc, l E = 0) 

'CBO 

- 

-- 

10 

MAdc 

Emitter Cutoff Current 
(V BE = 3.5 Vdc, l C = 0) 

'EBO 

- 

- 


MAdc 


ON CHARACTERISTICS 


DC Current Gain 
(1C = 75 mAdc, Vqe * 20 Vdc) 


h FE 


Collector-Emitter Saturation Voltage 
(1C = 200 mAdc, l B = 20 mAdc) 


v CE(sat) 


Base-Emitter Saturation Voltage 
Oc = 200 mAdc, lg = 20 mAdc) 


v BE(sat) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (Figure 3) 
(l c = 75 mAdc, V C E = 20 Vdc, f = 200 MHz) 


Collector-Base Capacitance (Figure 4) 
(Vq B = 30 Vdc, l E = 0, f = 100 kHz) 


C cb 


pF 


Emitter-Base Capacitance (Figure 4) 
(V EB = 0.5 Vdc, l c = 0, f = 100 kHz) 


c eb 


pF 


Small-Signal Current Gain 

(1C = 75 mAdc, Vqe = 20 Vdc, f = 1.0 kHz) 


h fe 


300 


Collector-Base Time Constant 

(lE = 75 mAdc, Vq B = 20 Vdc, f = 31.8 MHz) 


r b C c 


Noise Figure 

(!C = 50 mAdc, Vce = 20 Vdc, f = 200 MHz) (Figure 1) 

(l C = 50 mAdc, V C e = 20 Vdc, f = 200 MHz) (1) (Figure 2, 9) 

(l C = 75 mAdc, V C £ = 20 Vdc, f = 200 MHz) (1) (Figure 2, 9) 


3.8 
7.2 

7.8 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 2) G pe 10 11 — dB 

OC = 75 mAdc, V C e = 20 Vdc, f = 250 MHz) 

Intermodulation Distortion (Figure 2, 10) IM — -55 -50 dB 

(l c = 75 mAdc, V C £ = 20 Vdc, V out = +50 dBmv) 

Cross Modulation Distortion (Figure 2, 1 1) XM — -60 -57 dB 

OC = 75 mAdc, V CE = 20 Vdc, V out = +50 dBmV) 

Indicates JEDEC Registered Data. 

I) Includes noise figure of post-amplifier and matching pad. 


FIGURE 1 - NARROWBAND TEST CIRCUIT 


FIGURE 2 - BROADBAND TEST CIRCUIT 










































































2N5947 (continued) 


FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 5 - COLLECTOR-EMITTER SATURATION VOLTAGE 



5.0 7.0 10 20 30 50 70 100 200 300 500 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 6 - BASE-EMITTER SATURATION VOLTAGE 
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5.0 7.0 10 20 30 50 70 100 200 300 

1C, COLLECTOR CURRENT (mAdc) 


FIGURE 7 - NARROWBAND NOISE FIGURE versus CURRENT 



FIGURE 8 - BROADBAND NOISE FIGURE versus CURRENT 



0 10 20 30 40 50 60 70 80 90 100 

1C, COLLECTOR CURRENT (mAdc) 
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2N5947 (continued) 


FIGURE 9 - NOISE FIGURE TEST SETUP 



NOTE 1. RG-59 CABLE WITH ORIGINAL CENTER C0N0UCT0R REPLACED WITH 

#30 WIRE. OVERALL LENGTH, INCLUDING BNC CONNECTORS, ISA 
QUARTER WAVELENGTH AT 200 MHz (APPROX. 1 1 INCHES). USED TO 
MATCH IMPEDANCE OF NOISE DIODE TO AMPLIFIER UNDER TEST. 

THE NOISE FIGURE OF THE POST-AMPLIFIERS AND MINIMUM LOSS 
PAD IS 8.4 dB. 


FIGURE 10 - INTERMODULAR ON DISTORTION TEST SETUP 



1. ADJUST CHANNEL 2 GENERATOR FOR RATED OUTPUT FROM TEST 
AMPLIFIER (CHANNELS G & 130FF). 

2. REPEAT FOR CHANNEL G (2 & 13 OFF) AND CHANNEL 13 (2 & G OFF). 
NOTE FOR REFERENCE THE FIELD STRENGTH METER READING FOR 
CHANNEL 13 (2 &G OFF). 


3. TURN CHANNEL 13 OFF ANO DRIVE THE TEST AMPLIFIER 
WITH CHANNELS 2 & G. MEASURE THE LEVEL OF INTERMODULATION 
DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 
IN STEP 2. 


FIGURE 11 - CROSS MODULATION DISTORTION TEST SETUP 



MEASUREMENT 

1. ADJUST THE CROSSMODULATION EQUIPMENT FOR +50 dBmV OUTPUT 
FROM EACH CHANNEL. 

2. ADJUST ATTENUATOR #1 FOR THE DESIRED OUTPUT LEVEL FROM 
THE TEST AMPLIFIER. ADJUST ATTENUATOR #2 TO MAINTAIN THE 
FIELD STRENGTH METER INPUT AT +10 dBmV. 


FIGURE 12 - CROSS MODULATION DISTORTION 
versus OUTPUT LEVEL 



40 42 44 46 48 50 


OUTPUT LEVEL (dBm) 


PROCEDURE 

3. WITH THE FIELD STRENGTH METER SELECT CHANNEL 13. USING 
THE WAVE ANALYZER MEASURE THE LEVEL OF THE MODULATION 
ON CHANNEL 13 DUE TO CROSS-MODULATION OF CHANNELS 2-12. 


FIGURE 13 - CROSS MODULATION DISTORTION 
versus CUR RENT 



20 30 40 50 60 70 80 90 100 


1C, COLLECTOR CURRENT (mAdc) 
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2N 5974 2N 5975 2N 5976 (SILICON) 

MJE5974 MJE5975 MJE5976 


PNP SILICON PLASTIC POWER TRANSISTORS 


. . . designed for use in general purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 5 Amperes 

hpE = 20-120 @ Iq= 2.5 Adc 
= 7.0 (Min) @ l c = 5.0 Adc 

• Collector-Emitter Sustaining Voltage - 

VcEO(sus) = 40 Vdc (Min) - 2N5974, MJE5974 
= 60 Vdc (Min) - 2N5975, MJE5975 
= 80 Vdc (Min) - 2N5976, MJE5976 


5 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

40-60-80 VOLTS 
75 WATTS 


• High Current Gain — Bandwidth Product — 

fj = 2.0 MHz (Min) @ \q = 500 mAdc 

• Complements to NPN Transistors 2N5977, 2N5978, 2N5979 and 

MJE5977, MJE5978, MJE5979 

• Choice of Packages — 2N5974 Series - Case 90 

MJE5974 Series — Case 199 


^MAXIMUM RATINGS 


2N5974 

2N5975 

2N5976 




Sftt| 


TIM 





Rating 

Symbol 

2N5974 

MJE5974 

2N5975 

MJE5975 

2N5976 

MJE5976 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

5.0 

Vdc 

Collector Current - Continuous 

Peak 

! C 

n 

Adc 

1,'n 

1 U 

Base Current 

! b 


Adc 

^.U 

Total Device Dissipation 
@ T C = 25°C 

Derate above 25°C 

P D 


Watts 

W/°C 



Operating and Storage Junction 
Temperature Range 

T J' T stg 

— ■ ■— -65 to +150 

°C 


STYLE 2 

PIN 1 EMITTER 



NOTE 

1 LEADS WITHIN 005" RAD OF TRUE 
POSITION (TP) AT MMC 


CASE 90-05 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.67 

°C/W 


* Indicates JEDEC Registered Data for 2N5974 Series. 



MJE5974 

MJE5975 

MJE5976 





1. BASE 

2 COLLECTOR 

3 EMITTER 


DIM 

MILLIP 

ETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

16.08 

16.33 

0.633 

0.643 

B 

12.57 

12 83 

0.495 

0.605 


3.18 

3.43 

0.125 

0 135 

D 

0 51 

0.76 

0.020 

0030 

F 

3.61 

3.86 

0.142 

0.152 

G 

2.54 BSC 

0.10 

BSC 


] 26 T 

2.92 

0.105 

0.115 



0 69 

0017 

0.027 

K 

14.73 

14.99 

0 580 

0.590 


TTF~ 

2.41 

0.085 

0 095 

nsr 


TYP 

3» 

TYP 

N 

1 47“ 

1 73 

0 058 

0 068 

“cr 

478 

5.03 

0188 

0 198 

R 

1 91 

2.16 

0.075 

0.085 

S 


0.86 

0.032 

0.034 

T 

6.99 

7.24 

0.275 

0.285 

U 

6 22 

6 48 

0.245 

0-255 
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2N5974, 2N5975, 2N5976/MJE5974, MJE5975, MJE5976 (continued) 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


VcEO(sus) 



Vdc 

(l c = 100 mAdc, l B = O) 

2N5974, MJE5974 


40 

- 



2N5975, MJE5975 


60 

- 



2N5976, MJE5976 


80 



Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 20 Vdc, l B = 0) 

2N5974, MJE5974 


- 

1.0 


(V C E = 30 Vdc, l B = 0) 

2N5975, MJE5975 


- 

1.0 


<V CE = 40 Vdc, l B = 0) 

2N5976, MJE5976 


- 

1.0 


Collector Cutoff Current 


•CEX 

WM 



(Vce = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5974, MJE5974 


■ / H 

100 

^Adc 

(V CE = 80 Vdc, V EB(o ff) = 1 .5 Vdc) 

2N5975, MJE5975 


8 ■ 

100 


(v C e = ioo vdc, v EB(of f) = 1.5 vdc) 

2N5976, MJE5976 



100 


(V CE = 40 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N5974, MJE5974 



1.0 

mAdc 

T C = 125°C) 






(Vqe = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2 N 597 5, MJE5975 



1.0 


T c = 125°C) 






(V C E = 80 Vdc, V EB(off) = 1.5 Vdc, 

2N5976, MJE5976 



1.0 


T C =125°C) 






Emitter Cutoff Current 


'ebo 



mAdc 

(V BE = 5.0 Vdc, l c = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 
(l c = 0.5 Adc, V CE = 2.0 Vdc) 

0C = 2.5 Adc, V CE = 2.0 Vdc) 

(l c = 5.0 Adc, V CE = 2.0 Vdc) 

h FE 

40 

20 

7.0 

120 


Collector-Emitter Saturation Voltage 
(l C = 2.5 Adc, l B =250 mAdc 

0C = 5.0 Adc, l B = 750 mAdc 

Vce (sat) 

- 

0.6 

1.7 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 5.0 Adc, l B = 750 mAdc) 

V BE (sat) 

_ 

2.5 

Vdc 

Base-Emitter On Voltage 
(l C = 2.5 Adc, V CE = 2.0 Vdc) 

v BE(on) 

- 

1.4 

i 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l c = 500 mAdc, V C E = 10 Vdc, f test = 1-0 MHz) 

*T 

2.0 


MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 0.1 MHz) 

Oob 

_ 

300 

PF 

Small-Signal Current Gain 
(l C = 0.5 Adc, V CE = 4.0 Vdc, f = 1.0 kHz) 

h fe 

20 

_ 

- 


* Indicates JEDEC Registered Data for 2N5974 Series. 

(1) Pulse Test: Pulse Width<300 ps, Duty Cycle<2.0%. 

(2) = I ^fe I * *test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

vcc 

-30 V 


■9.0 V i--* 




t r ,tf<:10ns 
DUTY CYCLE = 1.0% 



RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 


D] MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE le^lOOmA 
MSD6100 USED BELOW Ib =100 mA 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


1C, COLLECTOR CURRENT (AMP) 
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t TIME to s) *C, COLLECTOR CURRENT (AMP) r(t), EFFECTIVE TRANSIENT 

-n THERMAL RESISTANCE (NORMALIZED) 


2N5974, 2N5975, 2N5976/MJE5974, MJE5975, MJE5976 (continued) 



0JC(max) - 1.67°C/W 


D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


READ TIME AT ti 


Tj(pk) - Tc = P(pk) »JC(t) 


DUTY CYCLE, D=tl/t2 


0.02 0.03 0.05 


.0 2.0 3.0 5.0 1( 

t, TIME OR PULSE WIDTH (ms) 


IGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


-SECOND BREAKDOWN LIMITED 

BONDING WIRE LIMITED 

THERMAL LIMITATION @Tc = 25°C 


■[-Curves Apply Below Rated VcE0~ 


-2N5974, MJE5974 
-2N5975, MJE5975 
2N5976, MJE5976 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( pk )^ 150°C. Tj( pk ) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


V C E, COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE 



111 Vnrs'Wlvl 


1 r ndtirii ~n 

■■■II 


■Mil 




■in; 




iiiii 

■■■■i 

mi 

Mi 

III 

Ml 

nr 

:s 

ini 

IVJI 

IF1I 

■ 

H 

HI!! 


S55S 




1C, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 


















2N 5977 2N 5978 2N 5979 (SILICON) 

MJE5977 MJE5978 MJE5979 


NPN SILICON PLASTIC POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 5 Amperes 

hpE = 20-120 @ lc = 2.5 Adc 
= 7.0 (Min) @ lc = 5.0 Adc 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 40 Vdc (Min) - 2N5977, MJE5977 
= 60 Vdc (Min) -2N5978, MJE5978 
= 80 Vdc (Min) - 2N5979, MJE5979 

• High Current Gain — Bandwidth Product 

ft = 2.0 MHz (Min) @ lc = 500 mAdc 

• Complement to PNP T ransistors — 

2N5974, 2N5975, 2N5976 and MJE5974, MJE5975, MJE5976 


Choice of Packages - 


2N5977 Series — Case 90 
MJE5977 Series — Case 199 


"MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


j Current 


Total Device Dissipation 
@ T C = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


T J-T s tg 


2N5977 

MJE5977 


2N5978 

MJE5978 


2N5979 

MJE5979 


- 5.0 - 
■ 10 ■ 


- 75 - 
• 0.60 


Adc 


Watts 

W/°C 


2NS977 

2N5978 

2N5979 


5 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

40-60-80 VOLTS 
75 WATTS 



3JL 

~^T 


STYLE 2 

PIN 1 EMITTER 

2 COLLECTOR 

3 BASE 


DIM MIN I MAX MIN MAX 


95 0 185 | 0 195 


Tfi [ 0 075 [0 085 


6 22 I 6 48- 1 0 245 I 0 255 


NOTE 

1 LEADSWITHIN 005" RAD OF TRUE 
POSITION (TP) ATMMC 

CASE 90-05 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.67 

°C/W 


‘Indicates JEDEC Registered Data for 2N5977 Series. 



MJE5977 
MJE5S78 
MJE5979 ' j 1 


- B — 

—-+-U 

/ /T 


K T 4 

A 

_± L_ 



H i i . 

D 4t G L 

, F! STYLE 1 

L “T Jr-__ N i 1 PIN 1. BASE 
I - sU¥T ' l 2 COLLECTOR 

3 EMITTER 


DIM 

MILLIMETERS! INCH!! | 
MIN | MAX 1 MIN i MAX | 

A 

16 08 

16 33 

0 633 

0 643 


T25T 

12 83 

0.495 

0 505 


318 

3 43 

0125 

0135 

D 

0 51 

0 76 

0 020 

0.030 

F 

3 61 

3 86 

0 142 

0152 

G 

2 5< 

BSC 

010 

BSC 

H 

2.67 

2.92 

0105 

0.115 

J 

0 43 

0 69 

0.017 

0.027 

K 

14 73 

14 99 

0 580 

0.590 


2 16 

241 

0 085 

0 095 



TYP 

3° 

TYP 

N 

1W~ 

173 

0.058 

0.068 

Q 

4 78 

5 03 

0 188 

0 198 

R 

1 91 

2 16 

0.075 1 

0.085 

S 

0.81 

0 86. 

0 032 

0 034 

T 

6 99 

7 24 

0 275 

0 285 

LIZ 

[ifr 

6 48 

0 245 

0.255 


I DIM "G"IST0 CENTER LINE OF LEADS 
CASE 199-04 
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2N5977, 2N5978, 2N5979/MJE5977, MJE5978, MJE5979 (continued) 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic [ Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = lOOmAdc, l B =0) 

2N5977, MJE5977 
2N5978, MJE5978 
2N5979, MJE5979 

v CEO(sus) 

40 

60 

80 

~ 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(V CE = 20 Vdc, 1 B = 0) 

2N5977, MJE5977 


- 

1.0 


(V C e = 30 Vdc, l B = 0) 

2N5978, MJE5978 


- 

1.0 


(V CE = 40 Vdc, l B = 0) 

2N5979, MJE5979 


- 

1.0 


Collector Cutoff Current 


•CEX 




(Vce = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5977, MJE5977 


- 

100 

^Adc 

(Vc E = 80 Vdc, V E B ( 0 ff) = 1.5 Vdc) 

2N5978, MJE5978 


- 

100 


(Vce = 100 Vdc, V EB (off) = 1.5 Vdc) 

2N5979, MJE5979 


- 

100 


(Vce = 40 Vdc, V EB (off) = 1.5 Vdc, 

2N5977, MJE5977 


- 

1.0 

mAdc 

T C = 125°C) 






(Vce = 60 Vdc, V EB (off) = 1.5 Vdc, 

2N5978, MJE5978 


- 

1.0 


T C = 125°C) 






(Vce = 80 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N5979, MJE5979 


- 

1.0 


T c = 125°C) 






Emitter Cutoff Current 


•ebo 



mAdc 

(V BE = 5.0 Vdc, l c = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 
(l c = 0.5 Adc, V C E =2.0 Vdc) 

(IC = 2.5 Adc, V C E = 2-0 Vdc) 

(l c = 5.0 Adc, V C E = 2.0 Vdc) 

h FE 

40 

20 

7.0 

120 


Collector-Emitter Saturation Voltage 

V CE (sat) 



Vdc 

(l C = 2.5 Adc, l B = 250 mAdc) 


- 

0.6 


0c = 5.0 Adc, l B = 750 mAdc) 


- 

1.7 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(1C = 5.0 Adc, l B = 750 mAdc) 


- 

2.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 2.5 Adc, V C E = 2.0 Vdc) 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(l C = 500 mAdc, V C E = 10 Vdc, f test = 1.0 MHz) 

It 

2.0 

_ 

MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 0.1 MHz) 

C D b 

- 

200 

pF 

Small-Signal Current Gain 

(1C = 0.5 Adc, V C E = 4.0 Vdc, f = 1.0 kHz) 

hfe 

20 

- 

~ 


•Indicates JEDEC Registered Data for 2N5977 Series. 

(1) Pulse Test: Pulse Width<-300 /ns, Duty Cycle<2.0%. 


(2) fj = I h fe I * f test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


VCC 
+30 V 


25ms 


+11 V f 

0 - J 


t r , tf<:10 ns 
DUTY CYCLE = 1.0% 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Oi MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE 1 b ~100 mA 
MSD6100 USED BELOW Ib =100 mA 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


1C, COLLECTOR CURRENT (AMP) 
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2N5977, 2N5978, 2N5979/MJE5977, MJE5978, MJE5979 (continued) 


FIGURE 4 - THERMAL RESPONSE 










Ic COLLECTOR CURRENT (pA) V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


2N5977, 2N5978, 2N5979/MJE5977, MJE5978, MJE5979 (continued) 


FIGURE 8 - DC CURRENT GAIN 




FIGURE 9 - COLLECTOR SATURATION REGION 


is:: 


0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMP) 



10 20 30 50 100 200 300 500 

IB, BASE CURRENT (mA) 


FIGURE 10 - "ON" VOLTAGES 

nr nil mini t 

Tj = 25°C 






Vbe@ Vce = 4.0 V 

“ VcE(sat) @ Ic/^B = 10 — -- 


IQ, COLLECTOR CURRENT (AMP) 


S 


FIGURE 11 - TEMPERATURE COEFFICIENTS 


+2.0 1 — (• ‘APPLIES F °R !c/lB < h_FE/4 - 


0VCFOR VcE(sat) 


IHUK 


Ic, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 


FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 
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2N 5980 2N 5981 2N 5982 (SILICON) 

MJE5980MJE5981 MJE5982 


HIGH POWER PNP SILICON TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 8 Amperes — 

hpE ~ 20-120 @ lc = 4.0 Adc 
= 7.0 (Min) @ l C = 8.0 Adc 

• Collector-Emitter Sustaining Voltage 

VCEO(sus) = 40 Vdc (Min) - 2N5980, MJE5980 
= 60 Vdc (Min) - 2N5981, MJE5981 
= 80 Vdc (Min) - 2N5982, MJE5982 

• High Current Gain — Bandwidth Product — 

fj = 2.0 MHz (Min) @\q = 500 mAdc 

• Complements to NPN Transistors - 2N5983, 2N5984, 2N5985 and 

MJE5983, MJE5984, MJE5985 

• Choice of Packages — 2N5980 Series — Case 90 

MJE 5980 Series — Case 199 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5980 
MJE 5980 

2N5981 

MJE5981 

2N5982 

MJE5982 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

veb 

5 0 r 

Vdc 


Collector Current — Continuous 
Peak 

■c 

8.0 

Adc 

^ 15 

Base Current 

*B 

3.0 — 

Adc 

Total Device Dissipation 
@ T C = 25°C 

Derate above 25°C 

PD 

90 

0.72 

Watts 

W/°C 

Operating and Storage 

Junction Temperature Range 

Tj, T st g 

— -65 to +150 

°C 


IN5980 

2N5981 

2NS982 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

1.39 

°C/W 



8 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

40-60-80 VOLTS 
90 WATTS 



% 


DIM 

MILLIMETERS 1 INCHES 1 
MIN 1 MAX | MIN 1 MAX 1 

A 

16 13 

16 38 

0 635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0125 

0135 


1.09 

1.24 

0 043 

0.049 

"T 

3.51 

3.76 

0138 

0 148 

_G_ 

4.2 

BSC 

0 16 

BSC 


2.67 

2.92 

0.105 

roW 

~T~ 

0.813 

TM 

TUBT 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° 

TYP 

9° 

rYP 

a 

4-70 

4.95 

0185 

0.195 

~R 

1.91 1 

2.16 

0.075 

0 085 

U 

622 

6 48- 

0.245 

5JT 


MJE5980 

MJE5981 

MJE5982 



STYLE 1. 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


DIM 

millimetersI INCHES 1 
MIN | MAX I MIN | MAX | 

A 

16 08 

16.33 

0.633 

0.643 

B 

12.57 

12.83 

0.495 

0.505 


3.18 

3.43 

0.125 

0.136 


0.51 

0.76 

0.020 

0.030 

F 

3.61 

3.86 

0.142 

0.152 


2,54 BSC 

0.10 

BSC 


2.67 

2.92 

0.105 

0.115 

J 

0.43 

0.69 

0.017 

0.027 


14.73 

14.99 

0.580 

0.590 


2.19 

~1JT 


0.095 

IT - 


-YP 

3* 

TYP 

N 

1.47 

1.73 

0.058 

0.068 


4.78 

5.03 

0.188 

0.198 

R 


2.16 

0,075 

0.085 

~S 

0.81 

0.86 

0.032 

0.034 

T 

6.99 

7.24 

0.275 

0.285 

toz 



0.245 

0.255 


t. 0IM "G" IS TO CENTER LINE OF LEADS 
CASE 199-04 
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2N5980, 2N5981, 2N5982/MJE5980, MJE5981, MJE5982 (continued) 




OFF CHARACTERISTICS 


1 Collector-Emitter Sustaining Voltage (1) j 

(l C = 200 mAdc, 1 B = 0) 

2N5980, MJE5980 

2N 5981, MJE 5981 
2N5982, MJE 5982 

1 Collector Cutoff Current j 

(V CE = 20 Vdc. I B = 0) 

2N5980, MJE 5980 

(V CE = 30 Vdc, l B = 0) 

2N5981, MJE 5981 

(V CF = 40 Vdc, l B = 0) 

2N5982, MJE 5982 



Collector Cutoff Current 
(V C e - 60 Vdc, V B E(off) = 1.5 Vdc) 
(V CE = 80 Vdc, V BE ( of f) =* 1.5 Vdc) 
(V C E = 100 Vdc, V BE ( 0 ff) = 1.5 Vdc) 
(Vce ~ 40 Vdc, V BE ( 0 ff) = 1.5 Vdc. 
T C = 125°C) 

(V C e = 60 Vdc, V BE(off ) = 1.5 Vdc, 
T c = 125°C) 

(Vce = 80 Vdc, V BE (off) = 1.5 Vdc, 
T C = 125°C) 


Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 


ON CHARACTERISTICS (1) 


DC Current Gain 
(l c = 1 0 Adc, V C e = 2.0 Vdc) 
(l c = 4.0 Adc, V C e = 2.0 Vdc) 
(l C = 8.0 Adc, V C e = 2.0 Vdc) 


Collector-Emitter Saturation Voltage 
(l C = 4.0 Adc, l B = 400 mAdc) 

(l C = 8.0 Adc, l B = 1.2 Adc) 


Base-Emitter Saturation Voltage 
(l C = 8.0 Adc, l B = 1.2 Adc) 


Base-Emitter On Voltage 
(l C - 4.0 Adc, V C E = 2.0 Vdc) 


DYNAMIC CHARACTERISTICS 












































2N5980, 2N5981, 2N5982/MJE5980, MJE5981, MJE5982 (continued) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq-VcE limits of the transistor 
that must be observed for reliable operation; i.e. t the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tjjpk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k)^ 150°C. T j( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 
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FIGURE 7 - CAPACITANCE 
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RBE. EXTERNAL BASE-EMITTER RESISTANCE (OHMS) V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 










2n5983 2 n5984 2N 5985 (SILICON) 

MJE5983 MJE5984 MJE5985 


HIGH POWER NPN SILICON TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 8 Amperes 

hFE = 20-120 @ lc = 4.0 Adc 
= 7.0 (Min) @ l C = 8.0 Adc 

• Collector-Emitter Sustaining Voltage — , 

VCEO(sus) = 40 Vdc (Min) - 2N5983, MJE5983 
= 60 Vdc (Min) - 2N5984, MJE5984 
= 80 Vdc (Min) - 2N5985, MJE5985 

• High Current Gain — Bandwidth Product — 

f T = 2.0 MHz (Min) @ l C = 500 mAdc 

• Complements to PNP T ransistors - 

2N5980, 2N5981, 2N5982 and MJE5980, MJE5981, MJE5982 

• Choice of Packages — 2N5983 Series - Case 90 

MJE5983 Series — Case 199 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5983 

MJE5983 

2N5984 

MJE5984 

2N5985 

MJE5985 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

Peak 

'c 


Adc 



Base Current 

•b 


Adc 


Total Device Dissipation 
@ T C = 25°C 

Derate above 25°C 

Pd 


Watts 

W/°C 

— 0.72 

Operating and Storage Junction 
Temperature Range 

T J» T stg 


°C 


2N5983 

2N5984 

2N598S 


8 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

40-60-80 VOLTS 
90 WATTS 



_ 1 ± 


STYLE 2 

PIN 1 .EMITTER 

2 COLLECTOR 

3 BASE 


NOTE 

1 LEADS WITHIN 005" RAO OF TRUE 
POSITION (TP)ATMMC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.39 

°C/W 


I indicates JE DEC Registered Data for 2N5983 Series. 



MJE5983 

MJE5984 

MJE5985 




I "G" IS TO CENTERLINE OF LEADS 
CASE 1994)4 
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2N5983, 2IM5984, 2N5985/MJE5983, MJE5984, MJE5985 (continued) 


•ELECTRICAL CHARACTERISTICS <T C = 25°C unless otherwise r 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 200 mAdc, l B = 0) 

2N5983, MJE5983 

2N 5984, MJE 5984 
2N5985, MJE 5985 

Collector Cutoff Current 


(V CE = 20 Vdc, l B = 0) 

2N5983, MJE5983 

(V C E " 30 Vdc, l B = 0) 

2N5984, MJE 5984 

(V CE = 40 Vdc, l B = 0) 

2N5985, MJE 5985 

Collector Cutoff Current 


(Vce = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5983, MJE5983 

(V CE = 80 Vdc, V EB ( off ) = 1.5 Vdc) 

2N5984, MJE 5984 

(V CE = 100 Vdc. v EB ( 0ff ) = 1.5 vdc) 

2N5985, MJE 5985 

(Vce = 40 Vdc, V E B (off) = 1.5 Vdc, 

2N5983, MJE 5983 

T c = 1 25°C) 


(V C e = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N5984, MJE 5984 

T C = 125°C) 


(v CE = 80 vdc, v EB(off) = 1.5 vdc. 

2N5985, MJE 5985 

T c = 125°C) 


Emitter Cutoff Current 


(V BE = 5.0 Vdc, I C = 0) 




ON CHARACTERISTICS 


DC Current Gain 
(l C = 1.0 Adc, V CE = 2.0 Vdc) 

(l C = 4.0 Adc, V CE = 2.0 Vdc) 

<I C = 8.0 Adc, V CE = 2.0 Vdc) 

Col lector -Emitter Saturation Voltage 
(l c = 4.0 Adc, l B = 400 mAdc) 

(l C = 8.0 Adc, l B = 1.2 Adc) 
Base-Emitter Saturation Voltage 
(Iq = 8.0 Adc, Id - 1 .2 Adc) 


Base-Emitter On Voltage 
(I C = 4.0 Adc, V CE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product (2) 

(Iq = 500 mAdc, Vce = 10 Vdc, f test =1.0 MHz) 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 0.1 MHz) 

Small-Signal Current Gain 

(l c = 1.0 Adc, V C E = 4.0 Vdc, f = 1.0 kHz) 

‘Indicates JEDEC Registered Data for 2N5983 Series. 

(1) Pulse Test: Pulse Width<-300 jus, Duty Cycle<2.0%. 

(2) f T = I h fe | • f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



FIGURE 3 - TURN-ON TIME 



t r , tf 5110 ns 
DUTY CYCLE = 1.0% 



nd Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib =100 mA 
MSD6100 USED BELOW Ib =100 mA 



0.2 0.3 0.5 1.0 2.0 3.0 

In, COLLECTOR CURRENT (AMP) 





























2N5983, 2N5984, 2N5985/MJE5983, MJE5984, MJE5985 (continued) 


FIGURE 4 - THERMAL RESPONSE 



1C, COLLECTOR CURRENT (AMP) 


2.0 3.0 5.0 10 

Vr, REVERSE VOLTAGE (VOLTS) 










2N5983, 2N5984, 2N5985/MJE5983, MJE5984, MJE5985 (continued) 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 10 - “ON" VOLTAGES 



VBE(sat)@lc/lB = 10TT L 


Vbe@Vce = 20V / 

VcE(sat) @IC/* *B = 10 T 

4^-^F-f-mitHl I 1 MI1H 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 

’Applies for Ic/Ib'^FE/V I I ] I I I I I T 


*0VCfor VcE(sat) 

- ?Ror. m isnon-f- 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 


FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 
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VBE, BASE-EMITTER VOLTAGE (VOLTS) 


Tj, JUNCTION TEMPERATURE (°C) 






2n5 

2n5 



2N 5987 2N 5988 PNP (SILICON) 

2n59902n5991 NPN 


HIGH POWER PLASTIC 

COMPLEMENTARY SILICON POWER TRANSISTORS 

. . designed for use in general-purpose amplifier and switching circuits. 

• Collector-Base Voltage - VcbO = 60 Vdc - 2N5986, 2N5989 

= 80 Vdc - 2N5987, 2N5990 
= 100 Vdc - 2 N 5988, 2N5991 

• Collector-Emitter Voltage - VcEO = 40 Vdc - 2N5986, 2N5989 

= 60 Vdc - 2N5987, 2N5990 
= 80 Vdc - 2N5988, 2N5991 

• DC Current Gain — 

hFE = 20-120 @ lc = 6.0 Adc 
= 7.0 (Min) @ lc = 12 Adc 

• Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.7 Vdc (Max) @ lc = 6.0 Adc 


'MAXIMUM RATINGS 


Collector Current — Continuous 
Peak 


Total Device Dissipation @ Tq = 25°C Pq 

Derate above 25°C 

Operating and Storage Junction Tj, T stg -6E 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case d jc 

'Indicates JE DEC Registered Data 




12 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40, 60, 80 VOLTS 
100 WATTS 


Rating 

Symbol 

2N5986 

2N5989 

2N5987 

2N5990 

2N5988 

2N5991 

IE9I 

Collector-Base Voltage 

V CB 

60 

80 

100 

■ 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

mm 

Emitter-Base Voltage 

V EB 

5.0 

IEEB 
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2IM5986, 2N5987, 2N5988 PIMP/2N5989, 2N5990, 2N5991 NPN (continued) 


•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic | Symbol \ Min [ Max f Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 0.2 Adc, l 8 =0) 

2N5986, 2N5989 
2N5987, 2 N 5990 
2N5988, 2N5991 

BVcEO(sus) 

40 

60 

80 

1 1 1 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(V CE = 20 Vdc, l B = 0) 

2N5986, 2 N 5989 


- 

2.0 


(V CE = 30 Vdc, l B = 0) 

2N5987, 2N5990 


- 

2.0 


(V CE = 40 Vdc. I B = 0) 

2N5988, 2N5991 


- 

2.0 


Collector Cutoff Current 


•CEX 



/LtAdc 

<Vce - 60 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N5986, 2M5989 


- 

200 


(Vqe = 80 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N5987, 2N5990 


- 

200 


(Vce = 100 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N5988, 2N5991 


- 

200 


(V CE = 40 Vdc, V BE ( 0 ff) = 1.5 Vdc, T c = 125°C) 

2N5986, 2 N 5989 


- 

2.0 

mAdc 

(V CE = 60 Vdc, V BE ( off ) = 1.5 Vdc, T c = 125°C) 

2N5987, 2N5990 


- 

2.0 


(V CE = 80 Vdc, V BE ( off ) = 1.5 Vdc, Tc = 125°C) 

2N5988, 2N5991 


- 

2.0 


Emitter Cutoff Current 


<EBO 



mAdc 

(V BE = 5.0 Vdc, l c = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(l C = 1.5 Adc, V CE = 2.0 Vdc) 

(l c = 6.0 Adc, V CE = 2.0 Vdc) 

(l C = 12 Adc, V CE = 2.0 Vdc) 

h FE 

40 

20 

7.0 

120 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l c = 6.0 Adc, l B =0.6 Adc) 


- 

0.7 


(l C = 12 Adc, l B = 1.8 Adc) 


- 

1.7 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

<l c = 12 Adc, l B = 1.8 Adc) 


- 

2.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l c = 6.0 Adc, V CE = 2.0 Vdc) 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(1C = 0.5 Adc, V CE = 10 Vdc, f tes t = 10 MHz) 

IT 

2.0 


MHz 

Output Capacitance 

(Vce = 10 Vdc, l E = 0, f = 1.0 MHz) 2N5986 thru 2N5988 

2N5989 thru 2N5991 

Cob 

- 

500 

300 

pF 

Small-Signal Current Gain 

(1C = 2.0 Adc, V C E = 4.0 Vdc, f = 1 .0 kHz) 

h fe 

20 

_ 

- 


* Indicates JEDEC Registered Data. 
<1) f T = |h fe | • ftest 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



Rb and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg. 
MBD5300 USED ABOVE Ib ~100 mA 
MSD6100 USED BELOW Ib =100 mA 


For PNP test circuit reverse diode and voltage polarities. 
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r(t) EFFECTIVE THERMAL RESISTANCE 

t, TIME ips) 1C, COLLECTOR CURRENT (AMP) (NORMALIZED) 


2N5986, 2N5987, 2N5988 PNP/ 2N5989, 2N5990, 2N599T NPN (continued) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate l£ — VcE I'rnits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tjfpk) = 150°C ; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^150°C T J(pk) ma Y be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


FIGURE 7 - CAPACITANCE 
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V, VOLTAGE (VOLTS) V CE. COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE DC CURRENT GAIN 







Ic, COLLECTOR CURRENT (/zA) 0 V , TEMPERATURE COEFFICIENT (mV/°C) 











2n6027 (SILICON) 
2n6028 



SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

. . . designed to enable the engineer to "program" unijunction char- 
acteristics such as F?BB' V, lv. and Ip by merely selecting two resist or 
values. Application includes thyristor-trigger, oscillator, pulse and 
timing circuits. These devices may also be used in special thyristor 
applications due to the availability of an anode gate. Supplied in an 
inexpensive TO-92 plastic package for high-volume requirements, this 
package is readily adaptable for use in automatic insertion equipment. 

• Programmable — RbB< r i< 'V anc * *P- 

• Low On-State Voltage - 1 .5 Volts Maximum @ I f = 50 mA 

• Low Gate to Anode Leakage Current — 10 nA Maximum 

• High Peak Output Voltage - 1 1 Volts Typical 

• Low Offset Voltage — 0.35 Volt Typical (Rq = 10 k ohms) 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Power Dissipation (1 ) 

PF 

375 

mW 

Derate Above 25°C 

!/ 0 JA 

5.0 

mW/°C 

DC Forward Anode Current(2) 

It 

200 

mA 

Derate Above 25°C 


2.67 

mA/°C 

*DC Gate Current 

'g 

±50 

mA 

Repetitive Peak Forward Current 

100 ais Pulse Width, 1.0% Duty Cycle 

'trm 

1.0 

Amp 

*20 /is Pulse Width, 1 .0% Duty Cycle 


2.0 

Amp 

Non-Repetitive Peak Forward Current 

•tsm 

5.0 

Amp 

10 ms Pulse Width 




*Gate to Cathode Forward Voltage 

V GKF 

40 

Volt 

* Gate to Cathode Reverse Voltage 

V GKR 

-5.0 

Volt 

* Gate to Anode Reverse Voltage 

V GAR 

40 

Volt 

* Anode to Cathode Voltage 

V AK 

±40 

Volt 

Operating Junction Temperature Range 

Tj 

-50 to +100 

°C 

* Storage Temperature Range 

T stg 

-55 to +150 

°C 

* Indicates JEDEC Registered Data 




( 1)JEDEC Registered Data is 300 mW, derating at 4.0 mW/°C. 


(2)jEDEC Registered Data is 150 mA. | 


SILICON 

PROGRAMMABLE UNIJUNCTION 
TRANSISTORS 

40 VOLTS 
375 mW 



j nr 

SEATING ^ P T~ 
PLANE j _ 


0 

-H r h— 


STYLE 16: 

PIN 1. ANODE 

2. GATE 

3. CATHODE 


Q 


’ 1 2 3' 

o o o 

vIV 

b 


trr 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4.190 

0.125 

0.165 

c 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.700 

- 

0.500 

- 

L 

1.150 

1.390 

0.045 

0.055 

N 

- 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N6027, 2N6028 (continued) 


ELECTRICAL CHARACTER tSTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

♦Peak Current 


2,9,11 

•P 




m a 

(V S = 10 Vdc, R G = 1.0 Mfi) 

2N6027 



- 

1.25 

2.0 


2N6028 



- 

0.08 

0.15 


(V S = 10 Vdc, Rq = 10 k ohms) 

2N6027 



- 

4.0 

5.0 



2N6028 



“ : 

0.70 

1.0 


♦Offset Voltage 


1 

v T 




Volts 

(V S = 10 Vdc, R g = 1.0 MO) 

2N6027 



0.2 

0.70 

1.6 


2N6028 



0.2 

0.50 

0.6 


(Vs = 10 Vdc, R G = 10 k ohms) 

(Both Types) 



0.2 

0.35 

0.6 


*Valley Current 


1,4,5, 

'V 




m a 

(Vs = 10 Vdc, R G = 1.0 MO) 

2N6027 



- 

18 

50 



2N6028 



- 

18 

25 


(V s = 10 Vdc, R G = 10 k ohms) 

2N6027 



70 

270 

- 



2N6028 



25 

270 

- 


(V S = 10 Vdc, R G = 200 Ohms) 

2N6027 



1.5 

- 

- 

mA 


2N6028 



1.0 


- 


♦ Gate to Anode Leakage Current 


- 

•gao 




nAdc 

(V s = 40 Vdc, T A = 25°C, Cathode Open) 




- 

1.0 

10 


(V s = 40 Vdc, T A - 75°C, Cathode Open) 



1 

- 

3.0 

- 


Gate to Cathode Leakage Current 


- 

•gks 

- 

5.0 

50 

nAdc 

(Vs = 40 Vdc, Anode to Cathode Shorted) 








* Forward Voltage (Ip =50 mA Peak) 

1,6 

V F 

- 

0.8 

1.5 

Volts 

♦Peak Output Voltage 


3,7 

Vo 

6.0 

11 

- 

Volts 

(V B = 20 Vdc, C G = 0.2 nf) 








Pulse Voltage Rise Time 


3 

tr 

- 

40 

80 

ns 

(V B = 20 Vdc, C C = 0.2 mF) 









’Indicates JEDEC Registered Data 


FIGURE 1 - ELECTRICAL CHARACTERIZATION 



(ALSO SEE FIGURE 2 ) 1C - ELECTRICAL CHARACTERISTICS 


FIGURE 2 - PEAK CURRENT (Ip) TEST CIRCUIT FIGURE 3 - V„ AND t r TEST CIRCUIT 
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V F , PEAK FORWARD VOLTAGE (VOLTS) I lv. VALLEY CURRENT OlA) 


2N6027, 2N6028 (continued) 


TYPICAL VALLEY CURRENT BEHAVIOR 



5.0 10 15 20 


Vs, SUPPLY VOLTAGE (VOLTS) 



-50 -25 0 +25 +50 +75 +100 


T A , AMBIENT TEMPERATURE (°C) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 



0 5.0 10 15 20 25 30 35 40 


IF, PEAK FORWARD CURRENT (AMP) 


Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 8 - STANDARD UNIJUNCTION 
COMPARED TO PROGRAMMABLE UNIJUNCTION 


B2 



B1 


CIRCUIT SYMBOL 



CIRCUIT SYMBOL 


STANDARD UNIJUNCTION 



EQUIVALENT CIRCUIT 
PROGRAMMABLE UNIJUNCTION 



EQUIVALENT CIRCUIT 
WITH EXTERNAL "PROG RAM" 
RESISTORS R1 and R2 



TYPICAL APPLICATION 



TYPICAL APPLICATION 
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2N6027 


FIGURE 9 - EFFECT OF SUPPLY VOLTAGE AND R G FIGURE 10 - EFFECT OF TEMPERATURE AND Rq 



5.0 10 15 20 -50 -25 0 +25 +50 +75 

V S , SUPPLY VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 


2N6028 

FIGURE 11 - EFFECT OF SUPPLY VOLTAGE AND R G FIGURE 12 - EFFECT OF TEMPERATURE AND R G 



Vs, SUPPLY VOLTAGE (VOLTS) 


T A , AMBIENT TEMPERATURE (°C) 




2N 6029 (SILICON) 

2n6030 


6031 


HIGH-VOLTAGE - HIGH POWER PNP TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 100 Vdc - 2N6029 
= 120 Vdc — 2N6030 
= 140 Vac — 2N6031 

• High DC Current Gain — @ Iq = 8.0 Adc 

h F E = 25 (Min) - 2N6029 
= 20 (Min) - 2N6030 
= 15 (Min) -2N6031 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1.0 Vdc (Max) @ \q = 10 Adc 

• Complement to NPN Transistor Series - 2N5629, 2N5630, 2N5631 


MAXIMUM RATINGS 


16 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

100-120-140 VOLTS 
200 WATTS 


Rating 

Symbol | 


Kpfl; 


Emitter-Base Voltage 

V EB 

Collector Current - Continuous 

Peak 

>c 

Base Current - Continuous 

•b 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

P D 

Operating and Storage Junction 
Temperature Range 

Tj T St g 



16 

20 

5.0 

200 

1.14 

-65 to +200 


^THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 



f-LEI 

PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 



DIM 

MILLIMETERS 
MIN 1 MAX 

A 


39.37 

B 

- 

21.08 

C 

6.35 

7.62 

D 

0.99 

1.09 

E 

- 

3.43 

F 

29.90 

30.40 

G 

10.67 

11.18 

H 

5.33 

5.59 

J 

16.64 

17.15 

K 

11.18 

12.19 

Q 

3.84 

4.09 

R 

- 

26.67 


ixil 

HI 

reiii l 

Em ■ 

os 

urn I 
na | 
ga l 

rail I 


JTE: Collector connected to case. 

1. DIM "Q" IS DIA. CASE 11-01 
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2N6029, 2 N 60 30, 2N6031 (continued) 


‘ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit J 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


v CEO(sus) 



Vdc 

Oc = 200 mAdc, l B = 0) 

2N6029 


100 

— 



2N6030 


120 

- 



2N6031 


140 

- 


Collector-Emitter Cutoff Current 


>CEO 



mAdc 

(V C E = 50 Vdc, l B = 0) 

2N6029 


- 

2.0 


(V CE = 60 Vdc, l B = 0) 

2N6030 


- 

2.0 


(V CE = 70 Vdc, l B = 0) 

2N6031 



2.0 


Collector-Emitter Cutoff Current 


*CEX 



mAdc 

( Vqe ■ Rated Vc B , V BE ( 0 ff) = 1 .5 Vdc) 



- 

2.0 


( V CE = Rated V CB , V BE ( off ) = 1 .5 Vdc, T c = 1 50°C) 



- 

7.0 


Collector-Base Cutoff Current 


'CBO 

_ 

2.0 

mAdc 

(Vcb = Rated Vc B , Ie = 0) 






Emitter-Base Cutoff Current 


'ebo 

_ 

5.0 

mAdc 

(V BE = 7.0 Vdc, l c = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(lc = 8.0 Adc, V CE = 2.0 Vdc) 2N6029 

2N6030 

2N6031 

( t C = 16 Adc, Vqe = 2.0 Vdc) All Types 

h FE 

25 

20 

15 

4.0 

100 

80 

60 


Collector-Emitter Saturation Voltage 
(l C = 10 Adc, l B = 1.0 Adc) 

Oc = 16 Adc, l B = 4.0 Adc) 

v CE(sat) 

- 

1.0 

2.0 

Vdc 

Base-Emitter Saturation Voltage 
(IC= 10 Adc. I B = 1.0 Adc) 


- 

1.8 

Vdc 

Base-Emitter On Voltage 

0c = 8.0 Adc, V CE = 2.0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(1C = 10 Adc, V C E = 20 Vdc, f tes t = 0.5 MHz) 

*T 

1.0 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

c ob 

- 

1000 

pF 

Small-Signal Current Gain 
(1C = 4.0 Adc, V CE = 10 Vdc, f = 1.0 kHz) 

hfe 

15 

- 

- 


‘indicates JE DEC Registered Data. (1) Pulse Test: Pulse Width < 300 /is, Duty Cycle < 2.0%. (2) fj = |hf e | * ftest 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


Vcc 

-30 V 


+9.0 V - 
0 — 1 


:n 



25 its 

t r , tf<10 ns 
DUTY CYCLE = 1.0% 

RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib =» 100 mA 
MSD6100 USED BELOW Ib ~100 mA 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 


1C, COLLECTOR CURRENT (AMP) 
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2N6029, 2N6030, 2N6031 (continued) 


FIGURE 4 - THERMAL RESPONSE 


Isseh&shbss 






gj 


DUTY CYCLE, D = ti/t2 
k) 


I^JClt) = r(t) 0j C ±ttzz±= 

_0JC = 0.875°C/W MaxTff \Z 
_ D CURVES APPLY FOR P0WER_ 
PULSE TRAIN SHOWN 

-READ TIME AT tl 

-Tj|p k ) - Tc = P(pk) 0JC(t) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


— f— t Tj = 200°C 1 ( ' 

SECOND BREAKDOWN LIMITEDVC: 

BONDING WIRE LIMITED | | y 

THERMALLY LIMITED@Tn = 25°C \ 

I III III I I 

nCURVES APPLY BEL0W = = | .: . i 

= RATED VcEO = = =±=: 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


5.0 7.0 10 20 30 50 70 1 

VcE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE 
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2n6034, 2n6035, 2n6036 PNP (silicon) 

2n6037, 2n6038, 2n6039 NPN 


PLASTIC DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

hpE = 2000 (Typ) @ lc = 2.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 100 mAdc 

VCEO(sus) = 40 Vdc (Min) - 2N6034, 2N6037 
= 60 Vdc (Min) - 2N6035, 2N6038 
= 80 Vdc (Min) - 2N6036, 2N6039 

• Forward Biased Second Breakdown Current Capability 

IS/b = 1-5 Adc @ 25 Vdc 

• Monolithic Construction with Built-In Base-Emitter 

Resistors to Limit Leakage Multiplication 

• Space-Saving High Performance-to-Cost Ratio 

Case 77 Plastic Package 


* MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Device Dissipation d 
Derate above 25°C 


T c = 25°C 


Total Device Dissipation @ = 25° C 

Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


Pd 


TjTstg 


2N6034 

2N6037 


2N6035 

2N6038 


15^1 


2N6036 
2 N 60 39 


-4.0- 
- 8 . 0 - 


-40 — 
-0.32- 


— 1.5 — 
-0.012- 


- -65 to +150- 


Watts 

W/°C 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.12 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

83.3 

°c/w 


•Indicates JED EC Registered Data. 


ta tc 

4.0 40 


FIGURE 1 - POWER DERATING 
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SM 
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1 




IB 



9 

In 







■ 

1 



■j 
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SI 


HH 







S9I 


40 60 80 100, 120 140 160 

T, TEMPERATURE (°C) 


DARLINGTON 

4-AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40, 60, 80 VOLTS 
40 WATTS 



£ 


m 


1 2 _ 


l) u u 

3 


f- 1 

K 

u 


U-D 

m -r m jn) 0 


.1 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.00 

0.115 

0.118 

G 

2.36 

BSC 

0.09 

BSC 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.38 

16.64 

0.605 

0.655 

M 

3° 

rYP 

3° 

rYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

1 0.145 

0.155 
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2N6034, 2N6035, 2N6036 PNP (continued) 
2N6037, 2N6038, 2N6039 NPN 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic j Symbol j Min | Max f Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
( 1 c = 100 mAdc, l B = o) 

2N6034, 2N6037 

2N6035, 2N6038 

2N6036, 2N6039 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector-Cutoff Current 


'CEO 



mAdc 

(V CE = 20 Vdc, l B =0) 

2N6034, 2N6037 


- 

0.5 


(V CE = 30 Vdc, l B = 0) 

2N6035, 2N6038 


- 

0.5 


(V CE = 40 Vdc, l B = 0) 

2N6036, 2N6039 


- 

0.5 


Collector Cutoff Current 


'CEX 



mAdc 

(Vce = 40 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N6034, 2N6037 


_ 

0.5 


(Vq E = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N6035, 2N6038 


- 

0.5 


(Vce = 80 Vdc - v BE(off) = L5 Vdc) 

2N6036, 2N6039 


- 

0.5 


(V CE = 40 Vdc, V BE(off) = 1.5 Vdc 






T C = 1 25°C) 

2 N 6034, 2N6037 



2.0 


(Vce = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc 






T c = 125°C) 

2N6035, 2N6038 


- 

2.0 


(V CE =80 Vdc, V BE ( 0 ff) = 1-5 Vdc 






T C = 125°C) 

2N6036, 2N6039 


- 

2.0 


Collector Cutoff Current 


'CBO 



mAdc 

(V C b =40 Vdc, l E =0) 

2N6034, 2N6037 


_ 

0.5 


(V C B =60 Vdc, l E = 0) 

2N6035, 2N6p38 


_ 

0.5 


(V C B =80 Vdc, l E =0) 

2N6036, 2N6039 


- 

0.5 


Emitter Cutoff Current 


*EBO 

_ 

2.0 

mAdc 

(V BE =5.0 Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gain 

(l C = 0.5 Adc, V C E = 3.0 Vdc) 

(l C = 2.0 Adc, V C E = 3.0 Vdc) 

(l C = 4.0 Adc, V C E = 3.0 Vdc) 

h FE 

500 

750 

100 

15,000 


Collector-Emitter Saturation Voltage 

0c = 2.0 Adc, l B = 8.0 mAdc) 

v CE(sat) 


2.0 

Vdc 

0c = 4.0 Adc, l B = 40 mAdc) 


- 

3.0 


Base-Emitter Saturation Voltage 
(lC = 4.0 Adc, l B = 40 mAdc) 

v BE(sat) 

- 

4.0 

Vdc 

Base-Emitter On Voltage 

(l C = 2.0 Adc, V C e = 3.0 Vdc) 

v BE(on) 

~ 

2.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Magnitude of Small-Signal Current-Gain 
(lC = 0.75 Adc. V C E = 10 Vdc, f = 1 .0 MHz) 

|hfel 

25 

- 

- 

Output Capacitance 

Cob 



pF 

(V C B = 10 Vdc. I E =0, f = 0.1 MHz) 2N6034, 2N6035, 2N6036 


- 

200 


2N6037, 2N6038, 2N6039 


- 

100 



‘Indicates JEDEC Registered Data. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 
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2N6034, 2N6035, 2N6036 PNP (continued) 
2N6037, 2N6038, 2N6039 NPN 



0.01 0.02 0.03 0.05 0 1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


t, TIME (ms) 


ACTIVE-REGION SAFE-OPERATING AREA 




m l I I I II I \ IN IM II 

5.0 7.0 10 20 30 50 70 100 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vci= limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on Tj( p |<) = 150°C; Tc is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p |<) <150°C. Tj( p )<) 
may be calculated from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 
(See AN-415). 
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N6034, 2N6035, 2N6036 PIMP (continued) 

2N6037, 2N6038, 2N6039 NPIM 


PNP ■ 

NPN 

2N6034, 2N6035, 2N6036 | 

2N6037, 2N6038, 2N6039 

1 

FIGURE 8 - DC CURRENT GAIN 
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2N&040 thru 2n6042 PNP (SILICON) 

2n6043 h»v 2n 6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 .hru MJE6045 NPN 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

p High DC Current Gain — 

hpE = 2500 (Typ) @ Iq = 4.0 Adc 
p Collector-Emitter Sustaining Voltage - @ 100 mAdc ID 
VcEO(sus) = 60 Vdc (Min) - 2N6040, 2N6043 
= 80 Vdc (Min) -2N6041, 2N6044 
= 100 Vdc (Min) - 2N6042, 2N6045 
► Low Collector-Emitter Saturation Voltage — ID 

v CE(sat) = 2.0 Vdc (Max) @ Iq = 4.0 Adc - 2N6040,41,2N6043,44 
= 2.0 Vdc (Max) @ Iq = 3.0 Adc - 2N6042, 2N6045 
p Monolithic Construction with Built-In Base-Emitter 
Shunt Resistors 

» Thermopad High Efficiency Compact Package 

(D Applies to corresponding in-house part numbers also. 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
75 WATTS 


•MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


Collector Current - 


Continuous 

Peak 


Total Device Dissipation @Tq - 25°C 
Derate above 25°C 


Total Device Dissipation @T/\= 25°C 
Derate above 25°C 


Operating and Storage Junction, 
Temperature Range 


2N6040 I 2N6041 
2N6043 2N6044 
MJE6040 MJE6041 
MJE6043 MJE6044 


V CB 


Tj.T s tg 


2N6042 
2N6045 
MJE6042 1 
MJE6045 


Watts 

W/°C 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1 67 

°C/W 

Thermal Resistance, Junction to Ambient 

0 JA 

57 

°C/W 


* Indicates JE DEC Registere 



D -!tL 


r R , STYLE 1 

(Sfir 1 ! c P,N 2 collector 

3 EMITTER 


DIM 

MIL LIN 

ITERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16 08 

16 33 

0 633 

0.643 

B 

12 57 

12 83 

0.495 

0.505 

C 

3.18 

343 

0125 

0.135 

0 

0 51 

076 

0020 

0.030 

F 

3 61 

3 86 

0.142 

0 152 

G 

2.54 BSC _ 

0.10 

i BSC 

H 

2.67 

2 92 

0105 

0.115 

J 

0*3 

069 

0.017 

0.027 

K 

14 73 

14 99 

0 580 

0 590 

L 

TT6~ 

~24T 

0.085 

0095 

M 


YP 

3« 

TYP 

N 

1.47 

173 

0.058 

0 068 


T7lP 

~ 5~03 

0.188 

0 198 

R 


216 

0.075 

0085 

S 

0.81 

0.66 

0.032 

0 034 

T 

IE 

7 24 

0 275 

0 285 

tii 

6 22 

m 

~0 24T 

0.255 


I "G" IS TO CENTER LINE 0E LEA0S 
CASE 199-04 



MJE6040 

thru 

MJE6045 



% 


DIM 

MILLIM 

ETERS 

iNCHES 

MIN 

MAX 

MIN 

MAX 

A 

16 13 

16 38 

0.635 

0.645 

B 

12.57 

12.83 

0 495 

0 505 


3.18 

isr 

p0l25| 


0 

109 

1.24 

0.043 

0.049 


3.51 

3.76 

TuST 

0.148 


4.2 

BSC 

016 

BSC 

H 


2.32 

0.105 

0.115 


’Wi 

0.864 

0.032 

losr 

K 

15.11 

16.38 

"0 595“ 

0.645 

M 


TYP 

9® 

TYP 

a 

~TW 

4.95 

0185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 


mr 

6 48* 

0.245 

0.255 
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2N6040 thru 2N6042 PNP (continued) 
2N 6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 thru MJE6045 NPN 


‘ELECTRICAL CHARACTERISTICS <T C - 25°C unless otherw.se noted) 

[ Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 100 mAdc, l B = 0) 

2N6040, 2N6043, MJE6040, MJE6043 

2N 6041, 2N6044, MJE6041. MJE6044 
2N6042, 2N6045, MJE6042. MJE6045 

v CEO(sus) 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


>CEO 



mAdc 

(V cE = 30 Vdc, l B = 0) 

2N 6040, 2N6043, MJE6040, MJE6043 


- 

05 


(VqE = 40 Vdc ' *B = °> 

2N6041, 2N6044, MJE6041, MJE6044 


- 

05 


(Vce = 50 Vdc, 1 B = 0) 

2N6042, 2N6045, MJE6042. MJE6045 


- 

0.5 


Collector Cutoff Current 


>CEX 



mAdc 

<V CE = 60 Vdc, V BE(off) = 1 5 Vdc) 

2IM6040, 2 N6043, MJE6040, MJE6043 


- 

05 


(Vpp = 80 Vdc, Vrf (nffl = 1 5 Vdc) 

2N6041 , 2N6044, MJE6041, MJE6044 


- 

05 


(V C E = 100 Vdc, V BE(of f) = 1 5 Vdc) 

2N6042, 2N6045, MJE6042, MJE6045 


- 

05 


(Vce = 60 Vdc, V BE ( 0 ff) = 1 5 Vdc, 






T c = 1 25°C) 

2N6040, 2N6043, MJE6040, MJE6043 


- 

5.0 


(Vce = 80 Vdc, V BE ( 0 ff) = 1 5 Vdc, 






T C = 125°C) 

2N 6041 , 2N6044, MJE6041, MJE6044 


- 

5.0 


(Vce = 100 Vdc, V BE(off ) = I 5 Vdc, 






T C = 125°C) 

2N 6042, 2N6045, MJE6042, MJE6045 


- 

5 0 


Collector Cutoff Current 


'CBO 



mAdc 

( V CB = 60 Vdc, l E = 0) 

2N6040, 2N6043, MJE6040, MJE6043 


- 

05 


( V C b = 80 Vdc, l E = 0) 

2IY6041, 2N6044, MJE6041, MJE6044 


- 

05 


( V C b = 100 Vdc, l E = 0) 

2IM6042, 2N6045, MJE6042, MJE6045 


- 

05 


Emitter Cutoff Current 


'EBO 



mAdc 

(V BE = 5 0 Vdc, l C - 0) 



- 

20 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 4 0 Adc, V C E =40 Vdc) 2N6040.41, 2IM6043,44, MJE6040.41, MJE6043.44 
(I C = 3 0 Adc, V C E = 40 Vdc) 2N6042, 2IM6045, MJE6042, MJE6045 
(Ip = 8.0 Adc, VpF - 4 0 Vdc) All Types 

hFE 

1000 

1000 

100 

20,000 

20,000 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l c = 4 0 Adc, l B = 16 mAdc) 2N6040.41 ,2N6043,44,MJE6040,41 ,MJE6043,44 


- 

2.0 


(l c = 3 0 Adc, l B = 12 mAdc) 2N6042,2N6045,MJE6042.MJE6045 


- 

20 


(lc = 80 Adc, l B - 80 mAdc) All Types 


- 

4.0 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(lc = 8.0 Adc, l B = 80 mAdc) 


- 

45 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

0 C = 40 Adc, V CE =40 Vdc) 


- 

28 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 3 0 Adc, V CE - 4 0 Vdc, f = 1 0 MHz) 

l h fel 

4 0 

_ 

MHz 

Output Capacitance 

Cob 



PF 

(V CB = 10 Vdc, l E = 0, f = 0 1 MHz) 2N 6040/2 N 6042, MJE6040/MJE6042 



300 


2N6043/2N6045, MJE6043/MJE6045 



200 


Small-Signal Current Gam 

h fe 

j 


- 

(l c = 3 0 Adc, V CE =40 Vdc, f = 1 0 kHz) 


300 | 

- 



'Indicates JEDEC Registered Data 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



DUTY CYCLE = 1 0% 


FIGURE 3 - SWITCHING TIMES 



1C, COLLECTOR CURRENT (AMP) 





2N6040 thru 2N6042 PNP (continued) 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 thru MJE6045 NPN 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



ebondingwire limited 

^THERMALLY LIMITED @ Tc = 25°C- 
(SINGLE PULSE) 

-SECOND BREAKDOWN LIMITED 
CURVES APPLY BELOW RATED VcEOr 



2N6040, 2N6043, MJE6040, MJE6043^ 
2N6041, 2N6044, MJE6041, MJE6044n 
2N6042, 2N6045, MJE6042, MJE6045 = 


5.0 7.0 10 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of F igure 5 is based on Tj(pj < ) = 1 50°C; T q is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p j < ) < 150°C. Tj( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations wilt reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415). 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 



f, FREQUENCY (kHz) 


Vr, REVERSE VOLTAGE (VOLTS) 







0v, TEMPERATURE COEFFICIENTS (mV/°C) 


2N6040 thru 2N6042 PNP (continued) 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 thru MJE6045 NPN 


PNP NPN 

2N6040, 2N6041 . 2N 6042 I 2N6043, 2N6044, 2N6045 

MJE6040, MJE6041, MJE6042 I MJE6043, MJE6044, MJE6045 


FIGURE 11 - TEMPERATURE COEFFICIENTS 



FIGURE 12 - COLLECTOR CUT-OFF REGION 



FIGURE 13 - DARLINGTON SCHEMATIC 




2412 





2n6049 (SILICON) 


MEDIUM-POWER PNP SILICON TRANSISTOR 

. . . designed for general-purpose switching and amplifier applications 

• Aluminum TO-66 Package for Better Power Handling Capability — 

75 Watts @ Tc = 25°C 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 4.0 Amperes 

• Complement to NPN Type 2N3054A 


"MAXIMUM RATINGS 


* Indicates JE DEC Registered Data 

THERMAL CHARACTERISTICS 


4 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

55 VOLTS 
75 WATTS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

55 

Vdc 

Collector-Emitter Voltage 

V CE R 

60 

Vdc 

(Rbe = foo n) 




Collector-Base Voltage 

V CB 

90 

Vdc 

Emitter-Base Voltage 

Veb 

7.0 

Vdc 

Collector Current — Continuous 

>c 

4.0 

Adc 

Peak 


10 


Base Current 

( B 

2.0 

Adc 

Total Device Dissipation @ Tc = 25°C 

Pd 

75 

Watts 

Derate above 25° 


0.43 

W/°C 

Operating and Storage Junction, 

T J- T stg 

-65 to +200 

°C 

Temperature Range 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

°JC 

2.33 

°C/W 



SEATING PLANE 

STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



DIM 

MILLIIV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

_ 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 
CASE 80-02 
TO-66 
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2N6049 (continued) 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(Ip - 100 mAdc, l R - 0) 

VCEO(sus) 

55 


Vdc 

Collector-Emitter Sustaining Voltage (1) 

(1C 53 100 mAdc, R BE = 100 O 

v CER(sus) 

60 


bb 

Collector Cuttoff Current 
(Vp F = 30 Vdc, l R » 0) 

'CEO 


500 

■SB 

Collector Cutoff Current 

(V CE =90 Vdc, V BE (off) = 1.5 Vdc) 

(Vqe = 90 Vdc, V B E( 0 ff) = 1.5 Vdc, 

T C = 150°C) 

'CEX 

- 

1.0 

6.0 


Emitter Cutoff Current 
(V BE = 7.0 Vdc, l C = 0) 

l EBO 

- 

1.0 

bb 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 500 mAdc, V CE = 4.0 Vdc) 

(Iq = 3.0 Adc, Vq E = 4.0 Vdc) 

hFE 

25 

6.0 

100 

HI 

Collector-Emitter Saturation Voltage 

v CE(sat) 



■beshi 

(l C = 500 mAdc, l B = 50 mAdc) 


- 

0.5 

B 

(l C = 4.0 Adc, l B = 800 mAdc) 


- 

2.0 

B 

Base-Emitter On Voltage 

VBE(on) 



mmmm 

(l c = 500 mAdc, V CE = 4.0 Vdc) 


- 

1.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
(l C = 200 mAdc, V C E = 10 Vdc) 


3.0 

_ 

Mai 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 0.1 MHz) 

c ob 

_ 

200 

PF 

Small-Signal Current Gain 

(l c = 100 mAdc, V CE = 4.0 Vdc, f = 1.0 kHz) 

h fe 

25 

180 



‘Indicates JEDEC Registered Data 

(1) Pulse test: Pulse Width <300 /lis, Duty Cycle S2.0% 
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2N6049 (continued) 


FIGURE 4 - THERMAL RESPONSE 


D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


READ TIME AT ti 


Tj{pk)-Tc = P(pk)0jC(t) 


0.2 0.3 0.5 


1.0 2.0 3.0 5.0 1i 

t, TIME or PULSE WIDTH (ms) 


■■ 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


15.0 ms \ 1.0 msX"0.5 _ 


SECOND BREAKDOWN LIMITED-4 — \ 

BONDING WIRE LIMITED | | 

THERMAL LIMITATION @Tc = 25°C = 

4 1 1 1 — I — I — I — I 1 1 1 


-Curves Apply Below Rated VqeoH — dc ^ 1 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vq= limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p | < ) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjip^j < 200°C. T j( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
(See AN-415). 


5.0 7.0 10 


20 30 40 50 6C 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE 


0.04 0.06 0.1 


1C, COLLECTOR CURRENT (AMP) 


0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 

Vr, REVERSE VOLTAGE (VOLTS) 











Jc. COLLECTOR CURRENT (/uA) 6»v, TEMPERATURE COEFFICIENTS (mV/°C) hFE, DC CURRENT GAIN 


2N6049 (continued) 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 








2n6050 thru 2n6052 PNP (SILICON) 
2n6057 thru 2n6059 NPN 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

h F E = 3500 (Typ) @ l C = 5.0 Adc 

• Collector-Emitter Sustaining Voltage — @ 100 mA 

VcEO(sus) = 60 Vdc (Min) - 2N6050, 2N6057 
80 Vdc (Min) - 2N6051, 2N6058 
100 Vdc (Min) - 2N6052, 2N6059 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N6050 

2N6057 

2N6051 

2N6058 

2N6052 

2N6059 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

100 

Vdc 

Co Hector- Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

VEB 

— r k n 

Vdc 


Collector Current — Continuous 
Peak 

•c 


Adc 



Base Current 

•b 

— i m 

Adc 


Total Device Dissipation 
@T C = 25°C 

Derate above 25° C 

Pd 


Watts 

W/°C 



Operating and Storage Junction 
Temperature Range 

T J' T stg 


65 to +200 c 


°C 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Rating 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.17 

°C/W 


* I ndicates JED EC Registered Data 



DARLINGTON 
12 AMPERE 


COMPLEMENTARY SILICON 
POWER TRANSISTORS 
60-80-100 VOLTS 
150 WATTS 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 


NOTE: 

1. DIM "Q" IS DIA. 
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2N6050 thru 2 N 6052, 2 N 6057 thru 2N6059 (continued) 



Collector Cutoff Current 

(Vqe = Rated Vqeo* v BE(off) = 15 Vdc > 

(Vqe = Rated VqeO- v BE(off) = 15 Vdc, T C = 150°C) 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 

ON CHARACTERISTICS H) 

DC Current Gain 

(l C = 6.0Adc, V CE = 3.0 Vdc) 

(1C = 12 Adc, V CE = 3.0 Vdc) 

Collector-Emitter Saturation Volatage 
( l C = 6.0 Adc, l B = 24 mAdc) 

(l c = 12 Adc, l B = 120 mAdc) 

Base-Emitter Saturation Voltage 
(IC= 12 Adc, l B = 120 mAdc) 

Base-Emitter On Voltage 

(l c = 6.0 Adc, V CE = 3.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common Emitter Small-Signal Short Circuit Forward 
Current Transfer Ratio 
(1C = 5.0 Adc, V CE = 3.0 Vdc, f = 1.0 MHz) 

Output Capacitance 2N6050/2N6052 

(V C b = 10 Vdc, l E = 0, f = 0.1 MHz) 2N6057/2N6059 

Small-Signal Current Gain 

(l c = 5.0 Adc, V CE = 3.0 Vdc, f = 1 .0 kHz) 

* I ndicates J ED EC Registered Data 

(I^Pulse test: Pulse Width = 300 jus, Duty Cycle = 2.0%. 


h F £ 

750 

100 

18,000 


v CE(sat) 

- 

2.0 

3.0 

Vdc 

v BE(sat) 

— 

4.0 

Vdc 

v BE(on) 

- 

2.8 

Vdc 


1 h fe| 

4.0 


MHz 

^ob 

- 

500 

300 

pF 

hfe 

300 

" 

" 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 


Re & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
□ l , MUST BE FAST RECOVERY TYPES, e g , 

MBD5300 USED ABOVE Ib = 100 mA 
MSD6100 USED BELOWIb* 100 mA 


For td and t r , D 1 is disconnected 
and V 2 = 0 


For NPN test circuit reverse diode and voltage polarities. 


— - 2IM6050/2IM6052 

2N6057/2N6059 



td @ VBE(off) = 0 


1.0 3.0 5.0 

In, COLLECTOR CURRENT (AMP) 


Vcc = 30V- 
IC/IB = 250 
lB2 ' 
Tj = 25°C ■ 









2N6050 thru 2N6052, 2N6057 thru 2N6059 (continued) 



ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 5 - 2N6050, 2N6057 FIGURE 6 - 2N6051, 2N6058 FIGURE 7 - 2N6052, 2N6059 



Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) Vce, COLLECTOR EMITTER VOLTAGE (VOLTS) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate Iq — V^E limits of the transistor that must be observed for reliable operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 5, 6 and 7 is based on Tjfpk) = 200°C; Tq is variable depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj (pk) ^ 200°C Tj^p^) may be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. (See AN-415). 

FIGURE 8 - SMALL-SIGNAL CURRENT GAIN FIGURE 9 - CAPACITANCE 



1.0 2.0 5.0 10 20 50 100 200 500 1000 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


f, FREQUENCY (kHz) Vr, REVERSE VOLTAGE (VOLTS) 
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Ic, COLLECTOR CURRENT (pA) 0v, TEMPERATURE COEFFICIENTS (mV/°C) 


2N6050 thru 2N6052, 2N6057 thru 2N6059 (continued) 


PNP 

2N6050, 2N6051, 2N6052 


NPN 

2N6057, 2N6058, 2N6059 


FIGURE 13 - TEMPERATURE COEFFICIENTS 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 


IC, COLLECTOR CURRENT (AMP) 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 14 - COLLECTOR CUT-OFF REGION 



+0.6 +0.4 +0.2 0 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2 -1.4 


VbE, BASE-EMITTER VOLTAGE (VOLTS) 



FIGURE 15 - DARLINGTON SCHEMATICS 


Collector 



Collector 
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2n6053,2n6054,2n6298,2n6299 PNP (SILICON) 
2n6055 / 2n6056 / 2n6300,2n6301 NPN 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain — 

hpg = 3000 (Typ) @ Iq = 4.0 Adc 

• Col lector- Emitter Sustaining Voltage — <9> 100 mA 

VCEO(sus) = 60 Vdc (Min) - 2N6053, 2N6055, 2N6298, 2N6300 
= 80 Vdc (Min) - 2N6054, 2N6056, 2N6299, 2N6301 

• Low Collector- Emitter Saturation Voltage — 

VcE(sat) = 2.0 Vdc (Max) @ lc = 4.0 Adc 
= 3.0 Vdc (Max) @ lc = 8.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


"MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


*1 ndicates JEOEC Registered Data. 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 
60-80 VOLTS 
75,1 00 WATTS 


Rating 

Symbol 

2N6053 

2N6055 

2N6298 

2N6300 

2N6054 

2N6056 

2N6299 

2N6301 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

>C 

8.0 

16 

Adc 

Base Current 

•b 

120 

mAdc 


2N6053 

2N6054 

2N6055 

2N6056 

2N6298 

2N6299 

2N6300 

2N6301 


Total Device Dissipation @Tq = 25°C 

Derate above 25°C 

Pd 

100 

0.571 

75 

0.428 

Watts 

W/°C 

Operating and Storage Junction Temperature 

Range 

TjTstg 

-65 to +200 

°C 


2N6053 

2N6054 

2N6055 

2N6056 




74 




Characteristic 

Symbol 

2N6053 
2N6054 
2N6055 
2 N 6056 

2N6298 

2N6299 

2N6300 

2N6301 

Unit 

Thermal Resistance, Junction to Case 

e JC 

1.75 

2.33 

°C/W 



2N6298 

2N6299 

2N6300 

2N6301 


Uj 


< T 

E 

SEATING PLANE' 


ZE 



Ml JEDEC Dimensions and and Ni 
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2N6053, 2N6054, 2N6298, 2IM6299 PIMP, (continued) 
2N6055, 2N6056, 2IM6300, 2IM6301 NPIM 


*ELECTRICAL CHARACTERISTICS (T q = 25°C unless otherwise noted) 



Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l c - lOOmAdc, l B =0) 


2N6053, 2N6055, 2N6298, 2N6300 
2N6054, 2N6056, 2N6299, 2N 6301 


Collector Cutoff Current 

(V CE = 30 Vdc, l B - 0) 2N6053, 2N 

(V C E = 40 Vdc, l B - 0) 2N6054, 2N 


Collector Cutoff Current 

(Vce = Rated Vqb. v BE(off) = 15 Vdc > 

(V CE = Rated V CB , V BE(off) = 1.5 Vdc, T C = 150°C 


2N6053, 2N6055, 2N6298, 2N6300 
2N6054, 2N6056, 2N6299, 2N6301 



Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 


ON CHARACTERISTICS (1) 

DC Current Gain 

(l c = 4.0 Adc, V CE = 3.0 Vdc) 
(l c =8.0 Adc, V CE = 3.0 Vdc) 


Collector-Emitter Saturation Voltage 
(l C = 4.0 Adc, l B = 16 mAdc) 

[\q = 8.0 Adc, l B = 80 mAdc) 


Base-Emitter Saturation Voltage 
(Iq = 8.0 Adc, l B = 80 mAdc) 

Base-Emitter On Voltage 

(l C = 4.0 Adc,' V C E = 3.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal Short Circuit Current Transfer Ratio 
Oc = 3.0 Adc, V C e = 3.0 Vdc, f = 1.0 MHz) 

Output Capacitance 

(V C b = 10 Vdc, l E = 0,f = 0.1 MHz) 2N6053, 2N6054, 2N6298, 2N6299 

2N6055, 2N6056, 2N6300, 2N6301 

Small-Signal Current Gain 

(l c = 3.0 Adc, V C E = 3.0 Vdc, f = 1.0 kHz) 

* I ndicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2.0 %. 




FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


RB & Rc VARIED TO OBTAIN OESIREO CURRENT LEVELS 
Di, MUST BE FAST RECOVERY TYPES, e.g., 

MB05300 USED ABOVE Ib = 100 mA 
MS06100 USED BELOW Ifi * 100 mA 


FIGURE 3 - SWITCHING TIMES 


fl ~8.0k *50 

1 


- 25 /ns f° r Id an d l r- Di 'S disconnected 

and V 2 = 0 


For NPN test circuit reverse diode, polarities and input pulses. 



Ir, COLLECTOR CURRENT (AMP) 



























2N6053, 2IM6054, 2N6298, 2N6299 PNP, (continued) 
2N6055, 2N6056, 2N6300, 2N6301 NPN 















2n 6057 thru 2N 6059 NPN (SILICON) For Specifications See 2N6050 Data. 
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2n6064 (GERMANIUM) 

2n6065 

2n6066 


PNP GERMANIUM POWER TRANSISTORS 

. . . designed for high-voltage switching applications. 

• Low Leakage Current — 

IqbO = 3-0 mAdc (Max) 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.8 Vdc (Max) @ lc - 10 Adc 

• Switching Times — t on = 10 ps @ 3.0 Adc 

t Q ff = 15 MS @ 3.0 Adc 


^MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


TjT s1 


2N6064 2N6065 2N6066 


- 56 - 
0.67- 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.50 

°C/W 

* Indicates JEDEC Registered Data. 



10 AMPERE 

POWER TRANSISTORS 

PNP GERMANIUM 
ALLOY DIFFUSED 

80-120-160 VOLTS 
56 WATTS 





PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

14.86 

16.51 

0.585 

0.650 

B 

12.32 

12.57 

0.485 

0.495 

C 

6.10 

7.62 

0.240 

0.300 

D 

0.69 

0.84 

0.027 

0.033 

E 

0.51 

1.02 

0.020 

0.040 

G 

7.16 

BSC 

0.285 

BSC 

H 

4.19 

1 4.70 

0.165 

0.185 

K 

9.14 

11.18 

0.360 

0.440 

L 

3.58 BSC 

0.141 

1 BSC 
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2N6064, 2N6065, 2N6066 (continued) 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


BV CEO(sus) 



Vdc 

(1C = 100 mAdc, l B = 0) 

2N6064 


80 

- 



2N6065 


120 

- 



2N6066 


160 

- 


Emitter Floating Potential 


V EBF 



Vdc 

(V CE = 80 Vdc, l B = 0) 

2N6064 


- 

1.0 


(V C E = 120 Vdc, 1 B = 0} 

2N6065 


- 

1.0 


(V C E = 160 Vdc, l B = 0) 

2N6066 


- 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(V C E = 80 Vdc, V BE (off) = 0.2 Vdc, T c = +100°C) 

2 N 6064 


- 

35 


(V CE = 120 Vdc, V BE ( off ) = 0.2 Vdc, T c = +100°C) 

2N6065 


- 

35 


(V C E = 160 Vdc, V BE ( 0 ff) = 0.2 Vdc, T c = +100°C) 

2 N 6066 


- 

35 


Collector Cutoff Current 


>CBO 



mAdc 

( V CB = 80 Vdc, l E = 0) 

2 N 6064 


- 

3.0 


(V CB = 120 Vdc, l E =0) 

2N6065 


- 

3.0 


(V CB = 160 Vdc, l E =0) 

2N6066 


- 

3.0 


Emitter Cutoff Current 


'EBO 

- 

50 

mAdc 

(V BE = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
(1C = 3.0 Adc, V CE = 2.0 Vdc) 

h FE 

20 

50 

- 

Collector-Emitter Saturation Voltage 
(Iq = 10 Adc, l B = 1 .0 Adc) 

v CE{sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 10 Adc, l B = 1.0 Adc) 

v BE(sat) 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

fj 

300 

_ 

kHz 

(l C = 0.5 Adc, V CE = 12 Vdc) 






SWITCHING CHARACTERISTICS (SEE FIGURE 8) 


Turn-On Time 

(1C = 3.0 Adc, I B1 = 0.3 Adc, V cc - 30 Vdc) 

^n 

- 

10 

MS 

Turn-Off Time 

(I C = 3.0 Adc, i B i = l B2 = 0.3 Adc, V C C = 30 Vdc) 

toff 

- 

15 

MS 


(l)Pulse Test: Pulse Width ^300 ns, Duty Cycle ^2.0%. 


‘Indicates JEDEC Registered Data. 


FIGURE 2 - THERMAL RESPONSE 
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t,TIME(/is) 1C, COLLECTOR CURRENT (AMP) ic, COLLECTOR CURRENT (AMP) 


2N6064, 2N6065, 2N6066 (continued) 



J-a I 1 1 1 1 1 I I I I I I I i » i 

10 20 30 50 70 100 200 


FIGURE 4 -CLAMPED INDUCTIVE TEST CIRCUIT 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 -CURRENT-GAIN-BANDWIDTH PRODUCT 


§ 


a 

z 


VCE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

IC, COLLECTOR CURRENT(AMP) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 8 -SWITCHING TIMES TEST CIRCUIT 
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rbe, external base-emitter 

RESISTANCE (OHMS) V, VOLTAGE (VOLTS) h F E, DC CURRENT GAIN 


2N6064, 2N6065, 2N6066 (continued) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMP) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 
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10 20 30 40 50 60 70 80 90 100 110 

Tj, JUNCTION TEMPERATURE (°C) 



0.005 0.01 0.05 0.1 0.5 1.0 5.0 


IB, BASE CURRENT (AMP) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 


1C, COLLECTOR CURRENT (AMP) 



+0.5 +0.4 +0.3 +0.2 +0.1 0 -0.1 -0.2 -0.3 -0.4 -0.5 


VbE, BASE-EMITTER VOLTAGE (VOLTS) 
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2N 


6067 


(SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for medium-current saturated switching and core driver 
applications. 

• Fast Switching Times @ Vqc = 40 Vdc — 

t on = 40 ns (Max) 
t G ff = 80 ns (Max) 

• Current-Gain— Bandwidth Product — 

fj = 150 MHz (Min) @ Iq = 50 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.6 Vdc (Max) @ Iq = 500 mAdc 


PNP SILICON 
SWITCHING 
TRANSISTOR 



^MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

VEB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

1.0 

Adc 

Total Power Dissipation @ = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation© = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

-55 to +150 

°C 

^THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0ja 

200 

°C/W 

‘indicates JEDEC Registered Data 





STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 




MILLIMETERS 

INCHES ! 

DIM 

MIN 

MAX 

MIN 

MAX 

C 

4.450 

4.700 

0.175 

0.185 

D 

0.407 

0.482 

0.016 

0.019 

E 

5° N0M 

5° N0M 

G 

1.150 

1.390 

0.045 

0.055 

J 

2.160 

2.420 

0.085 

0.095 

K 

12.700 

- 

0.500 

- 

L 

1.270 TP 

0.050 TP 

M 

0.076 1 0.330 

0.003 | 0.013 
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2N6067 (continued) 

^ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (D 
(l C = 10 mAdc, l B = 0) 

bv CEO 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100/uAdc, l E = 0) 

BVcbO 

50 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, Iq = 0) 

bv EBO 

5.0 

- 

Vdc 

Collector Cutoff Current 
(V CB =30 Vdc, l E = 0) 

•CBO 


500 

nAdc 

Emitter Cutoff Current 
(V EB - 3.0 Vdc, l c = 0) 

'EBO 

~ 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain (T) 

<I C = 10 mAdc, Vqe = 1 0 Vdc) 

h FE 

40 

_ 

- 

(Iq = 100 mAdc, Vqe = 1 0 Vdc) 


50 

200 


(Iq = 500 mAdc, Vqe = 10 Vdc) 


25 

150 


Collector-Emitter Saturation Voltage CD 
(Iq = 100 mAdc, l B = 10 mAdc) 

v CE(sat) 


0.3 

Vdc 

(Iq = 500 mAdc, 1 B = 50 mAdc) 



0.6 


Base-Emitter Saturation Voltage CD 
(Iq = 100 mAdc, l B = 10 mAdc) 

v BE(sat) 


0.9 

Vdc 

(Iq = 500 mAdc, l B = 50 mAdc) 


0 8 

1 1 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product © 

(Iq = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 

it 

150 


MHz 

Collector-Base Capacitance 

(Vqb = 10 Vdc, l E = 0, f = 100 kHz) 

Ccb 


16 

pF 

Emitter-Base Capacitance 

(V EB = 0.5 Vdc, l c = 0, f = 100 kHz) 

Ceb 


80 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 40 Vdc, Iq = 500 mAdc, 

I B 1 = 50 mAdc, V EB ( 0 ff) = 4.0 Vdc) 

ton 


40 

ns 

Delay Time 

td 


17 

ns 

Rise Time 

tr 

- 

28 

ns 

Turn-Off Time 

(Vcc = 40 Vdc, Iq = 500 mAdc, 

*B1 ~ *B2 = mAdc) 

toff 

- 

80 

ns 

Storage T ime 

ts 

- 

70 

ns 

Fall Time 


- 

25 

ns 


I ndicates JE DEC Registered Data. 

©Pulse Test: Pulse Width < 300 /is, Duty Cycle < 2.0%. 

@ fj is defined as the frequency at which |hf e | extrapolates to unity. 


Vj n = 10 Vdc 
Zj n = 50 Ohms 
Pulse Width = 1 .0 jus 
t r < 2.0 ns 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

+4.0 -40 V 
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V, VOLTAGE (VOLTS) VCE< COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


2N6067 (continued) 


TYPICAL STATIC CHARACTERISTICS 


FIGURE 8 - DC CURRENT GAIN 



FIGURE 9 - SATURATION REGION 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


IB, BASE CURRENT (mA) 



1.0 2.0 5.0 10 20 50 100 200 500 1000 

IC,C0LLECT0R CURRENT (mA) 


FIGURE 11 - TEMPERATURE COEFFICIENTS 



1.0 2.0 5.0 10 20 50 100 200 500 1000 


1C, COLLECTOR CURRENT (mA) 
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2n6068,A,B (SILICON) 

thru 


2n6075,A, B 


MT2 O 

— H 0 MT1 


“ 6 G 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as light 
dimmers, motor controls, heating controls and power supplies; or wherever 
full-wave silicon gate controlled solid-state devices are needed. Triac type 
thyristors switch from a blocking to a conducting state for either polarity 
of applied anode voltage with positive or negative gate triggering. 

• Sensitive Gate Triggering (A and B versions) Uniquely Compatible for 

Direct Coupling to TTL, HTL, CMOS and Operational Amplifier 
Integrated Circuit Logic Functions. 

• Gate T riggering 2 Mode — 2N6068 thru 2N6075 

4 Mode - 2N6068A,B thru 2N6075A,B 

• Blocking Voltages to 600 Volts 

• All Diffused and Glass Passivated Junctions for Greater Parameter Uni- 

formity and Stability 

• Small, Rugged, Thermopad Construction for Low Thermal Resistance, 

High Heat Dissipation and Durability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

'Repetitive Peak Off-State Voltage, Note 1 

VdRM 


Volts 

(Tj = 1 10°C) 2N6068 ,A,B 


25 


2N6069 ,A,B 


50 


2N6070 ,A,B 


100 


2N6071 ,A,B 


200 


2N6072 ,A,B 


300 


2N6073 ,A,B 


400 


2N6074 ,A,B 


500 


2N6075 ,A,B 


600 


'On-State Current RMS (Tq = 85°C) 

*T(RMS) 

4.0 

Amp 

'Peak Surge Current 

•tsm 

30 

Amp 

(One Full cycle, 60 Hz, Tj = -40 to +1 10°C) 




Circuit Fusing Considerations 

|2 t 

3.6 

a2 s 

(Tj = -40 to +1 10°C, t = 1 .0 to 8.3 ms) 




'Peak Gate Power 

P GM 

10 

Watts 

•Average Gate Power 

P G(AV) 

0.5 

Watt 

'Peak Gate Voltage 

V GM 

5.0 

Volts 

'Operating Junction Temperature Range 

Tj 

-40 to +110 

°C 

'Storage Temperature Range 

T Stq 

-40 to +150 

°c 

Mounting Torque (6-32 Screw), Note 2 

- 

8.0 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

'Thermal Resistance, Junction to Case 

R0JC 

3.5 

°C/W 

Thermal Resistance, Case to Ambient 

R0ca 

60 

°c/w 


* Indicates JEDEC Registered Data 

NOTES: 


1. Ratings apply for open gate conditions. Thyristor devices shall not be 
tested with a constant current source for blocking capability such that 
the voltage applied exceeds the rated blocking voltage. 

2. Torque rating applies with use of torque washer (Shakeproof WD19523 
or equivalent). Mounting torque in excess of 6 in. lb. does not appreci- 
ably lower case-to-sink thermal resistance. Main terminal 2 and heat- 
sink contact pad are common. 

For soldering purposes (either terminal connection or device mounting), 
soldering temperatures shall not exceed +200°C, for 10 seconds. Con- 
sult factory for lead bending options. 


SENSITIVE GATE 

TRIACS 

(THYRISTORS) 

4 AMPERES RMS 

25 THRU 600 VOLTS 





1 2 ~ 

UT 




c 

T 


STYLE 5 

PIN 1. MT1 

2. MT2 

3. GATE 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.91 

HR 1 

E HSfil 

0.450 

B 

■ill 

■S3 

■iwm 

■iMcUl 

C 

■il;l 

M El 

BEBM 


D 

■251 

mmm 

IiKiMiI 

mmm\ 

F 

■BEE ■ 

■RTiTil 

■iHW 

■a 

G 


MiTLT 


J 

m 

■Ml 

0.015 

nm^i 

K 

mn 

IBEa 

0.595 

liifrfcl 

Q 


B9 

0.130 

Klim 

S 

0.64 

\wmm 

0.025 


U 


0.150 
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2N6068,A,B thru 2N6075,A,B (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*Peak Blocking Current (Either Direction) 

•drm 

- 

- 

2.0 

mA 

Rated Vqrm @ Tj = 1 10°C, Gate Open 






*On-State Voltage (Either Direction) 

V TM 

- 

- 

2.0 

Volts 

Itm = 6-® A Peak 






*Peak Gate Trigger Voltage 

V GTM 




Volts 

Main Terminal Voltage = 12 Vdc, R[_ = 100 Ohms, Tj = -40°C 






MT2 (+), G(+); MT2 (-), G(-) All Types 


- 

1.4 

2.5 


MT2 (+), G(-); MT2 (-), G(+) 2N6068A,B thru 2N6075A,B 


- 

1.4 

2.5 


Main Terminal Voltage = Rated Vqrm, R|_ = 10 k ohms, Tj = 1 10°C 






MT2 (+), G(+); MT2 (-), G(-) All Types 


0.2 

- 

- 


MT2 (+), G(-); MT2 (-), G(+) 2N6068A,B thru 2N6075A,B 


0.2 

- 

- 


"Holding Current (Either Direction) 

'H 




mA 

Main Terminal Voltage =12 Vdc, Gate Open, Tj = -40°C 






Initiating Current =1.0 Adc 






2N6068 thru 2N6075 


- 

- 

70 


2N6068 A,B thru 2N6075A,B 


- 

- 

30 


Tj = 25°C 2N6068 thru 2N6075 


- 

- 

30 


2N6068A,B thru 2N6075A.B 


- 

- 

15 


Turn-On Time (Either Direction) 

ton 

- 

1.5 

- 

MS 

Itm = 14 Adc, Igt ~ 100 mAdc 






Blocking Voltage Application Rate at Commutation 

dv/dt 

- 

5.0 

- 

V/ jus 

@ Vdrm, Tj = 85°C, Gate Open 








QUADRANT 
(See Definition Below) 

* Peak Gate Trigger Current 

Main Terminal Voltage = 12 Vdc, R[_ = 100 ohms 

Maximum Value 

Type 

! GTM 

@Tj 

1 

mA 

II 

mA 

III 

mA 

IV 

mA 

2N6068 

thru 

2N6075 

+25°C 

30 

- 

30 

- 

-40°C 

60 

- 

60 

- 

2N6068A 

thru 

2N6075A 

+25°C 

5.0 

5.0 

5.0 

10 

-40°C 

20 

20 

20 

30 

2N6068B 

thru 

2N6075B 

+25°C 

3.0 

3.0 

3.0 

5.0 

-40°C 

15 

15 

15 

20 


* I ndicates JEDEC Registered Data. 


SAMPLE APPLICATION: 
TTL-SENSITIVE GATE 4 AMPERE TRIAC 
TRIGGERS IN MODES II AND III 
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VGTM, GATETRIGGER VOLTAGE (NORMALIZED) P{AV). AVERAGE POWER (WATTS) Tc, CASE TEMPERATURE (°C) 


2N 6068, A,B thru 2N6075,A,B (continued) 


FIGURE 1 -AVERAGECURRENT DERATING 


FIGURE 2 - RMS CURRENT DERATING 




FIGURE 3 - POWER DISSIPATION 




0 1.0 2.0 3.0 4.0 

IT(RMS), RMS ON-STATE CU R RENT (AMP) 



Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 6-TYPICAL GATE-TRIGGER CURRENT 
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2N6068,A,B thru 2N6075,A,B (continued) 


FIGURE 7 - MAXIMUM ON STATE CHARACTERISTICS 



FIGURE 8 - TYPICAL HOLDING CURRENT 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 9 -MAXIMUM ALLOWABLE SURGE CURRENT 




t, TIME (ms) 


I 
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2 n 6080 (SILICON) 


Tine RF Tine 


4.0 W - 175 MHz 


NPN SILICON RF POWER TRANSISTOR 


RF POWER 
TRANSISTOR 

NPN SILICON 


. . . designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in military and industrial equipment operating to 
300 MHz. 


Specified 12.5 Volt, 175 MHz Characteristics — 

Output Power = 4.0 W 
Minimum Gain = 12 dB 
Efficiency = 50% 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters 



♦MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

V C BO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

•c 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C (2) 

Derate above 25°C 

PD 

12 

68.5 

Watts 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Stud Torque ( 1 ) 

- 

6.5 

in. lb. 


* Indicates JEDEC Registered Data. 

(1) For repeated assembly use 5 in lb. 

(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 



L i 

|—- G-~j 

1 D 



^ — _Tj 


m 


MILLIMETERS INCHES 

DIM MIN I MAX MIN I MAX 

A 26 79 I 27 05 1 055 1 065 
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2N6080 (continued) 


^ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted.) 


Characteristic j 

Symbol 

Min 

_ Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l c = lOmAdc, l B = 0) 

bv CEO 

18 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = 5.0 mAdc, V BE = 0) 

BV C ES 

36 

- 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1 .0 mAdc, Iq = 0) 

bv EBO 

4.0 



Vdc 

Collector Cutoff Current 

(V C E = 1 5 Vdc, V BE = 0, T c = +55°C) 

>CES 

- 

- 

5.0 

mAdc 

Collector Cutoff Current 
(V C b= 15 Vdc, l E = 0) 

>CBO 

- 

- 

0.25 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l c ^ 0.25 Adc, V CE = 5.0 Vdc) 

hpE 

5.0 

- 

- 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

& 

o 

CJ 

- 

15 

20 

PF 

(V CB = 15 Vdc, l E = 0, f = 0.1 MHz) 







FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 

< p out = 4.0 W, V CC = 1 2.5 Vdc, f = 1 75 MHz) 

GpE 

12 

- 

- 

dB 

Collector Efficiency 

( p out = 4.0 W, V CC = 1 2.5 Vdc, f - 1 75 MHz) 

V 

50 

~ 


% 


indicates JEDEC Registered Data. 


FIGURE 1 - 175 MHz TEST CIRCUIT 


RF INPUT > 


5 0 80 pF, ARCO 462 or equivalent 
9 0-180 pF, ARCO 463 
7 0 pF 

25 nH, 1 Turn #18 AWG, 1/4" Length, 1/4" I D 
Ferrite Choke VK-200 20/4B Ferroxcube 
150 nH, 8 Turns #18 AWG, 3/4" Length, 3/16" I D 
30 nH, M/2 Turns, #18 AWG, 1/4" Length, 1/4" I 0 
330 Ohms 
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out, OUTPUT POWER (WATTS) P out , OUTPUT POWER (WATTS) 


2N6080 (continued) 



0 0.1 0.2 0.3 0.4 0.£ 

Pin, INPUT POWER (WATTS) 


FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 



7.0 8.0 9.0 10 1 1 12 T3 14 15 


VCC, SUPPLY VOLTAGE (VOLTS) 


Pout, OUTPUT POWER (WATTS) 





2 n 6081 (SILICON) 

MRF211 


Tlie RF Line 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in commercial and industrial equipment operating to 
300 MHz. 


Specified 12.5 Volt, 175 MHz Characteristics - 
Output Power = 1 5 W 
Minimum Gain = 6.3 dB 
Efficiency = 60% 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


^MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

>C 

2.5 

Adc 

Total Device Dissipation @ Tq = 25°C (1) 

PD 

31 

Watts 

Derate above 25°C 


177 

mW/°C 

Storage Temperature Range 

T $tg 

-65 to +200 

°C 

Stud Torque (2) 


6.5 

in. lb. 

‘Indicates JEDEC Registered Data for 2N6081. 




(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 

(2) For repeated assembly use 5 in. lb. 


15 W- 175 MHz 


RF POWER 
TRANSISTORS 

NPN SILICON 



I USE 8 32NC2A STUD 




STYLE I 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 
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2N6081, MRF221 (continued) 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 20 mAdc, l B = 0) 

bv C eo 

18 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(1C = 10 mAdc, Vqe = 0) 

bv CES 

36 

- 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 2.0 mAdc, l C = 0) 

bv EBO 

4.0 

_ 

~ 

Vdc 

Collector Cutoff Current 

(V CE = 1 5 Vdc, V BE = 0, T C = +55°C) 

Ices 

~~ 


8.0 

mAdc 

Collector Cutoff Current 
(V C B = 15 Vdc, l E = 0) 

'cbo 

~ 

— 

0.5 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(IC= 0.5 Adc, V CE = 5.0 Vdc) 

h FE 

5.0 

_ 

__ 





DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

70 

85 

pF 

(VCB = 15 Vdc, l E = 0,f = 0.1 MHz) 







FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 

< p out = 15 W, V cc = 12.5 Vdc, f = 175 MHz) 

GpE 

6.3 

- 


dB 

Collector Efficiency 

(P out = 15 W, V cc = 12.5 Vdc, f = 175 MHz) 

n 

60 

" 

~ 

% 


indicates JEDEC Registered Data for 2N6081 . 


FIGURE 1 - 175 MHz TEST CIRCUIT 
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2n6082, 2n6083/ 2n6084 (silicon) 


Tlxe RF Line 


NPN SILICON RF POWER TRANSISTORS 

. . . designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in military and industrial equipment operating to 
225 MHz. 

• Specified 12.5 Volt, 175 MHz Characteristics — 

Output Power = 25 W — 2N6082 
30 W - 2N6083 
40 W - 2N6084 

Minimum Gain = 6.2 dB — 2N6082 
5.7 dB — 2N6083 
4.5 dB - 2N6084 

• Balanced Emitter Construction to provide the designer with the 

device technology that assures ruggedness and resists transistor 
damage caused by load mismatch 


25, 30 and 40 W 
175 MHz 

RF POWER 
TRANSISTORS 

NPN SILICON 



^MAXIMUM RATINGS 

Rating 

Symbol 

2N6082 

2N6083 

2N6084 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current - Continuous 

>c 

4.0 

6.0 

Adc 

Total Device Dissipation @ Tq = 75°C(2) 
Derate above 25°C 

P D 

65 

0.52 

80 

0.64 

Watts 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

Stud TorqueO ) 

- 

6.5 

in. lb. 

‘Indicates JEDEC Registered Data 
(1)For Repeated Assembly Use 5 in. lb. 





(2)fhese devices are designed for RF operation. The total 
device dissipation rating applies only when the devices 
are operated as RF amplifiers. 




STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 



WRENCH FLAT 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

26 79 

27 05 

1 055 

1 065 

B 

13 20 

1371 

520 

530 

C 

1803 

19 05 

710 

750 

D 

114 

152 

0045 

006 

E 

5 59 

5 84 

220 

230 

F 

2 16 

241 

085 

095 

G 

9 40 

9 78 

370 

.385 

H 

45° 

0M 

45° 

MOM 

J 

2 79 

2 93 

110 

.115 

K 

401 

4 52 

158 

178 

L 

1 78 

2 03 

.070 

080 

M 

8 13 

8 38 

320 

330 

N 

- 

1 27 

- 

050 

Q 

6 35 

6 89 

250 

275 

R 

7 59 

7 80 

299 

.307 

S 

2 54 

3 30 

100 

130 


8-32NC2A STUD 

CASE 145A-01 
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2N6082, 2N6083, 2N6084 (continued) 



Characteristic 


OFF CHARACTERISTICS 


Typ Max Unit 


Collector-Emitter Breakdown Voltage 
(l C = 100 mAdc, l B = 0) 


Collector-Emitter Breakdown Voltage 1 

(l C = 15 mAdc, V BE =0) 

2N6082,2N6083 

(1 q = 20 mAdc, V BE = 0) 

2N6084 

Emitter-Base Breakdown Voltage j 

(l E = 5.0 mAdc, l c = 0) 

2N6082,2N6083 

(l E = 10 mAdc, l c = 0) 

2N6084 






































Rjn, PARALLEL EQUIVALENT INPUT p Qut# 0UT PUT POWER (WATTS) Pout, OUTPUT POWER (WATTS) 

RESISTANCE (OHMS) 


382, 


2N6083, 2N6084 (continued) 


OUTPUT POWER versus 

FIGURE 2 - 2N6082, 2N6083 



2.0 4.0 6.0 8.0 10 

Pin, INPUT POWER (WATTS) 


OUTPUT POWER versus 



5.0 6.0 7.0 8.0 9.0 10 11 12 13 14 15 

VCC, SUPPLY VOLTAGE (VOLTS) 


PARALLEL EQUIVALENT INPUT 



i, PARALLEL EQUIVALENT INPUT jj c 

RESISTANCE (OHMS) m P out , OUTPUT POWER (WATTS) C Pout, OUTPUT POWER (WATTS) 






Cout, PARALLEL EQUIVALENT OUTPUT c '"' PARALLEL equivalent input 

CAPACITANCE (pF) , , CAPACITANCE (pF) 


2N6082, 2N6083, 2N6084 (continued) 


PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 

FIGURE 8 - 2N6082, 2N6083 FIGURE 9 - 2N6084 



f, FREQUENCY (MHz) f, FREQUENCY (MHz) 

PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 


FIGURE 10 - 2N6082, 2N6083 FIGURE 11 - 2N6084 



f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


TYPICAL 175 MHz AMPLIFIER BLOCK DIAGRAMS 

FIGURE 12-160 WATTS OUTPUT FIGURE 13 - 50 WATTS OUTPUT 
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2n6094 thru 2n6097 (SILICON) 


The RF Line 


PNP SILICON RF POWER TRANSISTORS 


. . . designed for 12.5 Volt VHF large-signal amplifier applications 
required in military and industrial equipment operating to 250 MHz. 


Balanced Emitter Construction with Isothermal Resistor Design to 
Provide the Designer with the Optimum inTransistor Ruggedness 
Low Lead Inductance Stripline Packaging for Easier Design and 
Increased Broadband Capabilities 
Flange Package for Easy Mounting and BetterThermal Conductivity 
to Heat Sink 

Exceptional Power Output Stability versus Temperature 


4.0, 15, 30, 40 WATTS - 175 MHz 

PNP SILICON 
RF POWER 
TRANSISTORS 



^MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter- Base Voltage 


Collector Current - 
Continuous 


Total Device Dissipation 
@ T C = 25°C 
Derate above 25°C 


Storage Temperature 
Range 


Symbol 


Yc.eq 


v CBO 


Yebo 


PdO) 


2N6094 2N6095 2N6096 2N6097 


8.0 

45.7 


20 

114 


40 

228 


60 

343 


Watts 

mW/°C 


* Indicates JEDEC Registered Data. 

(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 



'•SEATING PLANE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

24.64 

24.89 

0.970 

0.980 

B 

9.47 

9.73 

0.373 

0.383 

C 

6.07 

7.14 

0.239 

0.281 

D 

5.59 

5.84 

0.220 

0.230 

E 

2.16 

2.67 

0.085 

0.105 

F 

0.10 

0.15 

0.004 

0.006 

G 

18.29 

18.54 

0.720 

0.730 

H 

21.59 

22.10 

0.850 

0.870 

J 

3.12 

3.23 

0.123 

0.127 

K 

10.80 

11.05 

0.425 

0.435 

L 

6.22 

6.48 

0.245 

0.255 

nvP 

40° 

500 

40° 

50° 

N | 

3.81 

4.57 

0.150 

0.180 

a 

2.97 

3.12 

0.117 

0.123 
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2N6094 thru 2N6097 (continued) 


"ELECTRICAL CHARACTERISTICS (T c 

= 25°C unless otherwise noted) 





Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv CEO 




Vdc 

(Iq = 10 mAdc, l B = 0) 

2N6094 


18 

- 

- 


(Iq = 20 mAdc, l B = 0) 

2N6095 


18 

- 

- 


(Iq = 50 mAdc, l B = 0) 

2N6096 


18 

- 

- 


(Iq = 100 mAdc, l B = 0) 

2N6097 


18 

- 

- 


Collector Emitter Breakdown Voltage 


bv ces 




Vdc 

(Iq = 5.0 mAdc, V BE = 0) 

2 N 6094 


36 

- 

- 


(Iq = 10 mAdc, V BE =0) 

2N6095 


36 

- 

- 


(Iq = 15 mAdc, V BE = 0) 

2N6096 


36 

- 

- 


(Iq = 20 mAdc, V BE = 0) 

2 N 6097 


36 

- 

- 


Emitter-Base Breakdown Voltage 


bv EBO 




Vdc 

(l E = 1.0 mAdc, Iq = 0) 

2N6094 


4.0 

- 

- 


(l E = 2.0 mAdc, Iq = 0) 

2N6095 


4.0 

- 

- 


(l E = 5.0 mAdc, Iq = 0) 

2N6096 


4.0 

- 

- 


(l E = 10 mAdc, Iq = 0) 

2N6097 


4.0 

- 

- 


Collector Cutoff Current 


'CES 




mAdc 

< V CE = 1 5 Vdc, V BE = 0, Tq - 55°C) 

2N6094 


- 

- 

5.0 



2N6095 


— 

— 

8.0 



2N6096 


- 

- 

10 



2N6097 


- 

- 

10 


Collector Cutoff Current 


•CBO 





(Vq B = 15 Vdc. I E = 0) 

2N6094 


- 

- 

250 

juAdc 


2N6095 


- 

- 

500 



2N6096 


_ 

_ 

1.0 

mAdc 


2N6097 


_ 

- 

2.5 



ON CHARACTERISTICS 


DC Current Gain 






- 

(Iq = 0.25 Adc, V CE = 5.0 Vdc) 

2N6094 


5.0 

- 

- 


(Iq = 0.5 Adc, V CE = 5.0 Vdc) 

2N6095,2N6096,2N6097 


15 

- 

- 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 




pF 

(V CB = 12.5 Vdc, l E = 0,f = 100kHz) 2N 6094 


- 

17 

20 


2N6095 


- 

90 

120 


2N6096 


- 

150 

190 


2N6097 


- 

300 

400 



FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 

(Pout = 4.0 W, Vqq = 12.5 Vdc, l c (max) = 0.62 Adc, 
f= 175 MHz) 

(P out = 15 W, Vqq = 12.5 Vdc, l C (max) = 1.9 Adc, 
f = 175 MHz) 

(P out = 30 w ' V CC = 12 B Vdc, lc< max ) = 3 4 Adc < 
f = 175 MHz) 

< p out = 4 0 w - Vqq = 12.5 Vdc, l c (max) = 4.3 Adc, 
f = 175 MHz) 


Gp E 

12 

6.3 

5.7 

4.5 

- 

- 

dB 

Collector Efficiency (Figure 1) 


4 




% 

(Pout = 4.0 W, Vqq = 12.5 Vdc, f = 175 MHz) 

2N6094 


50 

- 

- 


(Pout = 1 5 W, Vqq = 1 2.5 Vdc, f = 175 MHz) 

2N6095 


55 

- 

- 


(Pout = 30 W, Vqq = 12.5 Vdc, f = 1 75 MHz) 

2N6096 


60 

- 

- 


(Pout = 40 W, Vqq = 1 2.5 Vdc, f = 1 75 MHz) 

2N6097 


60 

- 

- 



‘indicates JEDEC Registered Data 
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Pout, OUTPUT POWER (WATTS) P ° ut ' 0UTPUT P0WER WATTS) 


2N6094 thru 2N6097 (continued) 


FIGURE 1 - 175 MHz TEST CIRCUIT 




¥ 


■o -12.5 Vdc 


2N6094 

C1,C2 ARCO 462 or Equivalent 
C3,C4 7 0 pF Unelco J1HF 
C5 ARCO 463 or Equivalent 
C6 ARCO 461 or Equivalent 
C7 1000 pF 
C8 5 0 mF. 50 V 

LI 25 nH, 1 Turn, #18 AWG, 1-1/4” Long, 1/4” I.D. 

L2 VK2Q0 20/4B Ferrite Choke, Ferroxcube 
L3 150 nH, 8 Turns, #18 AWG, 3/4" Long, 3/16" I.D 
L4 36 nH, 1-1/2 Turns, #18 AWG, 1-1/4" Long, 1/4" I D. 
R1 390 Ohms, 1/2 W 

2N6095 

C1,C6 ARCO 462 or Equivalent 
C2 ARCO 464 or Equivalent 
C3,C4 40 pF Unelco J1HF 
C5 ARCO 463 or Equivalent 
C7 1000 pF 
C8 5.0 juF, 50 V 

LI Copper Strap 1/4" Wide, 1-1/4” Long, Straight 
L2 VK20020/4B Ferrite Choke, Ferroxcube 
L3 150 nH,4 Turns, #18 AWG, 3/4" Long, Wound on R1 
L4 1 Turn, #18 AWG, 1-1/4" Long, 1/4" I.D 
R1 390 Ohms, 1W 


2N6096 

C1.C2 ARCO 462 or Equivalent 
C3,C4 100 pF Unelco J1HF 

C5,C6 ARCO 463 or Equivalent 
C7 1000 pF 
C8 5-0 M F, 50 V 

LI 1/2 Turn, #16 AWG, 1-1/4" Long, 1/4" I.D. 
L2 VK20020/4B Ferrite Choke, Ferroxcube 
L3 4 Turns, #18 AWG, 3/4” Long, Wound on R1 
L4 1 Turn, #16 AWG, 1-1/4" Long, 1/4" I.D 
R1 390 Ohms, 2 W 

2N6097 

C1,C2,C5 ARCO 462 or Equivalent 
C6 ARCO 464 or Equivalent 
C3,C4 100 pF Unelco J1HF 
C7 1000 pF 
C8 5 0 axF, 50 V 

LI 18 nH, 1-1/4” Straight, #16 AWG 
L2 VK200 20/4B Ferrite Choke, Ferroxcube 
L3 5 Turns, #18 AWG, 3/4" Long, Wound on R1 
L4 1 Turn, #18 AWG, 1-1/4" Long, 1/4" I.D. 

R1 160 Ohms, 2 W 



OUTPUT POWER versus FREQUENCY 

(V C c » -12.5 Vdc) 



100 140 180 220 260 300 

f, FREQUENCY (MHz) 



100 140 180 220 260 300 

f, FREQUENCY (MHz) 



100 140 180 220 260 300 


f, FREQUENCY (MHz) 



100 140 180 220 260 300 


f, FREQUENCY (MHz) 
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Pout, OUTPUT POWER (WATTS) P out( OUTPUT POWER (WATTS) P out , OUTPUT POWER (WATTS) 


2N6094 thru 2IM6097 (continued) 


TYPICAL PERFORMANCE DATA 

OUTPUT POWER versus INPUT POWER 

(V CC = -12.5 Vdc, f = 175 MHz) 

FIGURE 6 - 2N6094 FIGURE 7 - 2N6095 



Pin, INPUT POWER (WATTS) Pj n , INPUT POWER (WATTS) 


FIGURE 8 - 2N6096 FIGURE 9 - 2N6097 



0 2.0 4.0 6.0 8.0 10 0 5.0 10 15 

Pin, INPUT POWER (WATTS) P, n . INPUT POWER (WATTS) 


CIRCUIT DESIGN DATA 

OUTPUT POWER versus SUPPLY VOLTAGE 

(f = 175 MHz) 

FIGURE 10 - 2N6094 FIGURE 1 1 - 2N6Q95 



Vcc, SUPPLY VOLTAGE (VOLTS) 


VCC, SUPPLY VOLTAGE (VOLTS) 


2-453 









2N6094 thru 2N6097 (continued) 


CIRCUIT DESIGN DATA 

OUTPUT POWER versus SUPPLY VOLTAGE 

(f = 175 MHz) 

FIGURE 12 - 2N6096 FIGURE 13 - 2N6097 



Vcc, SUPPLY VOLTAGE (VOLTS) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


PARALLEL EQUIVALENT INPUT RESISTANCE versus FREQUENCY 

(Vcc = -12.5 Vdc) 

FIGURE 14 - 2N6094 FIGURE 15 - 2N6095 



100 

125 

150 175 

200 

225 

100 

125 

150 175 

200 

225 



f, FREQUENCY (MHz) 





f, FREQUENCY (MHz) 




FIGURE 16 - 2N6096 FIGURE 17 - 2N6097 



100 125 150 175 200 225 100 125 150 175 200 225 

f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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2N6094 thru 2N6097 (continued) 


CIRCUIT DESIGN DATA 

PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 

(V cc = -12.5 Vdc) 

FIGURE 18 - 2N6094 FIGURE 19 - 2N6095 



f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


FIGURE 20 - 2N6096 FIGURE 21 - 2N6097 



100 125 150 175 200 225 100 125 150 175 200 225 

f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 

(Vcc = -12.5 Vdc) 

FIGURE 22 - 2N6094 FIGURE 23 - 2N6095 



100 

125 

150 175 

200 

225 

100 

125 

150 175 

200 

225 



f, FREQUENCY (MHz) 





f, FREQUENCY (MHz) 
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C ou t. PARALLEL EQUIVALENT 

Pout. OUTPUT POWER (WATTS) Pout. OUTPUT POWER (WATTS) OUTPUT CAPACITANCE (pF) 


2N6094 thru 2N6097 (continued) 


CIRCUIT DESIGN DATA 

PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 

(Vcc = -12.5 Vdc) 

FIGURE 24 - 2N6096 FIGURE 25 - 2N6097 



100 125 150 175 200 225 



100 125 150 175 200 225 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


TYPICAL OUTPUT POWER versus STUD TEMPERATURE 


FIGURE 26 - 2N6094 


(Vcc = -12.5 Vdc, f = 175 MHz) 


FIGURE 27 - 2N6095 




STUD TEMPERATURE (°C) 


STUD TEMPERATURE ( J C) 



25 50 75 100 


FIGURE 29 - 2N6097 



STUD TEMPERATURE (°C) 


STUDTEMPERATURE (°C) 
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2N6094 thru 2N6097 (continued) 


FIGURE 30 - 90-WATT, 175 MHz AMPLIFIER 


5 0 juF 



C2,C3,C4,C5,C6,C7 100 pF UNELCO J1HF 

C9 25 pF UNELCO J1HF 
RFC1 VK200 - 20/46 Ferroxcube 
RFC2 4 Turns, #18 AWG, L+ Leads 
1-1/2”, 1/4" I D 

RFC3, RFC4 0 15 pH Molded with Ferrite 
Bead on Ground Leg 
RFC5 3 Turns, #16 AWG, on 2 W, 
100 S2 Resistor 

LI 1 Turn, #20 AWG, 1/4" I.D 
L2,L3 ST PC , #18 AWG, 1-1/4" L 
L4 1-1/4" x 1/4" x 0.03" Copper 
Strap Center Tapped 
L5 1/2 Turn, #16 AWG, 1/4" I D. 
1/2" L 


This is an example of a PNP amplifier designed for negative or positive ground operation. Floating the coaxial connectors with 
bypasses causes no gain loss. The chassis material is Printed Circuit Board which may easily be isolated from the transmitter cabinet. 
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2N 6114 (SILICON) 

2n6I15 


SILICON COMPLEMENTARY UNIJUNCTION 
TRANSISTORS 


. . . designed for oscillators, timers, frequency dividers and trigger 
circuits which require stability over wide temperature ranges. 

• Interbase Resistance Temperature Coefficient — 

aR BB = 0.05 (Min) to 0.5 (Max) %/°C 

• Low Leakage Current — 

* EB20 = 0- 1 nA (Typ) 

• Low Saturation Voltage — 

V EB 1 (sat) = 1-5 Vdc (Max) 

• Instrinsic Standoff Ratio — 

?? = 0.58 (Min) to 0.62 (Max) 


COMPLEMENTARY 
UNIJUNCTION TRANSISTORS 


*MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

DC Emitter Current 

'E 

150 

mA 

Peak-Pulse Emitter Current Note 1 

'e 

2.0 

Amp 

Emitter Reverse Voltage 

V EB20 

8.0 

Volts 

Interbase Voltage 

V B2B1 

30 

Volts 

Power Dissipation 

PD 

300 

mW 

Derate above T/\ = 25°C 


3.0 

mW/°C 

Operating Junction Temperature Range 

Tj 

-55 to +125 

°C 

Storage Temperature Range 

T stg 

-55 to +200 

°C 


* I ndicates JE DEC Registered Data. 

Note 1 : Duty Cycle < 1%, PR R = 10 PPS (See Figure 14). 



STYLE 1: — - 11— D 

PIN 1. EMITTER 

2. BASE 1 

3. BASE 2 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

D 

0.41 

0.48 

0.016 

0.019 

G 

2.54 TYP 

0.100 TYP 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

— 

M 

45° TYP 

45° TYP 

N 

1.27 TYP 

0.050 TYP 


FIGURE 1 - STANDARD 
UNIJUNCTION TRANSISTOR 
SYMBOL AND 
NOMENCLATURE 


FIGURE 2 - COMPLEMENTARY 
UNIJUNCTION TRANSISTOR 
SYMBOL AND 
NOMENCLATURE 


FIGURE 3 -STATIC 
EMITTER CHARACTERISTICS 
CURVES 

NEGATIVE 
V E RESISTANCE 
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2N61 14, 2N61 15 (continued) 


^ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instrinsic Standoff Ratio (Note 2) 

r? 




_ 

(V B2B1(1) = 10 Vdc - V B2B1(2) = 5.0 Vdc) 


0.58 

- 

0.62 


Interbase Resistance 

r bb 




k ohms 

<v B 2B1 = 10 Vdc, lE = 0) 2N6114 


5.5 

6.8 

8.2 


2N6115 


5.0 

8.0 

15 


Interbase Resistance Temperature Coefficient 

r bb 




%/°C 

(V B 2B1 = 10 Vdc, 'E = 0- t A = “55 to +100°C) 


0.05 

- 

0.5 


Emitter Saturation Voltage (Note 3) 

v EB1(sat) 




Volts 

(V B 2B1 = 10 Vdc, l E = 50 mA) 


- 

1.1 

1.5 


Modulated Interbase Current 

•B2(mod) 




mA 

(V B 2B1 = 1° Vdc, <E = 50 mA) 


1.0 

4.0 

10 


Emitter Reverse Current 

'EB20 




nA 

(V E B2 = 5.0 Vdc, I B1 = 0) 2N6114 



0.1 

100 


2N6115 



0.1 

10 


Peak-Point Emitter Current 

'P 




HA 

(Vb2B1 = 10 Vdc) 2N6114 


- 

- 

5.0 


2N6115 


- 

- 

15 


Valley-Point Emitter Current (Note 3) 

'V 




mA 

(V b2 B1 = 10 Vdc) 


1.0 

4.5 

- 


Peak-Point Voltage 

Vp 




Volts 

(V B 2B1 = 5.0 Vdc) 


3.2 

3.45 

3.7 


(V B2B 1 = 10 Vdc) 


6.1 

6.45 

6.8 


Base-One Peak Pulse Voltage (Figure 15) 

v OB1 

3.5 

4.5 

- 

Volts 

Emitter Breakdown Voltage 

v EBIO 




Volts 

(l E B1 = 10 M A) 


8.0 

9.5 

- 


Diode Voltage (Note 2) 

v D 

0.3 

- 

0.6 

Volts 

Minimum Charge to Trigger 

Qt 

- 

50 

- 

PC 

Turn On Time 

Ion 

- 

0.85 

- 

MS 

Recovery Time 

t rec 

- 

7.0 

- 

MS 


* I ndicates JE DEC Registered Data. 


Note 2: Intrinsic Standoff Ratio (rj) is defined in terms of the Peak-Point Voltage (Vp) by means of the equation: 

Vp i - Vp2 

7} = where Vb 2B1 (1 ) = 10 Vdc ± 0.001 Vdc and Vg2B1 (2) = 5 -0 Vdc.The associated Diode Voltage 

V B2B1(1) - V B2B1(2) 

(Vq) is defined by the equation V p = Vp2 - i?V B2B1 (2)- 

Note 3: Use pulse techniques: PW ~ 300 /jls , duty cycle ^ 2.0% to avoid internal heating, which may result in erroneous readings. 
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R VOLTAGE (VOLTS) 


2N6114, 2N6115 (continued) 


FIGURE 4 - STATIC EMITTER CHARACTERISTICS 


FIGURE 5 - PEAK POINT CHARACTERISTICS 


^VbB “ 14 Vdc 

1 r— 

^1 0 Vdc 
^5.0 Vdc 
^ 2.0 Vdc 


i I I I I I I I 

2.0 4.0 6.0 8.0 10 12 14 16 18 20 



q 

■ 

i 


■ 


IE, EMITTER CURRENT (mA) 


0 2.0 4.0 6.0 8.0 10 12 14 

lE, EMITTER CURRENT (juA) 


PEAK POINT CURRENT 


FIGURE 6 - EFFECT OF VOLTAGE 


-NOTE: A diode or resistive - 
I protection is required beyond I 
_ this voltage. 


FIGURE 7 - EFFECT OF TEMPERATURE 




10 15 20 25 30 *55 -25 0 25 50 75 100 


VB2B1. INTERBASE VOLTAGE (VOLTS) 


FIGURE 8 - EFFECT OF VOLTAGE 


VALLEY CURRENT 


Ta, AMBIENT TEMPERATURE (t>C) 


FIGURE 9 - EFFECT OF TEMPERATURE 




NOTE: A diode or resistive ■ 
emitter protection is required 
beyond this voltage. 

— 1 — l — l — 1 — „ 


■■■ ■ 

w 


mum 




SB 

BBS 

■n 

mum 

■■■■■■■ 

SB 


1— 

MMUMU 




.0 10 15 20 

Vr2B1< INTERBASE VOLTAGE (VOLTS) 


-55 -25 0 25 50 75 100 

Ta, AMBIENT TEMPERATURE (°C) 


HaH 






V B2B1. INTERBASE VOLTAGE (VOLTS) Vq, DIODE VOLTAGE (VOLTS) 


2N6114, 2N6115 (continued) 


FIGURE 10 - DIODE VOLTAGE 



Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 12 - STATIC INTERBASE CHAR ACTE RISITCS 

10 - — 



1.0 2.0 3.0 4.0 5.0 

lB2, BASE TWO CURRENT (mA) 


FIGURE 14 - PEAK EMITTER 

CURRENT TEST CIRCUIT FIGURE 15 - BASE ONE PEAK 
AND WAVEFORM PULSE VOLTAGE CIRCUIT 


FIGURE 11 - EMITTER LEAKAGE CURRENT 



Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 13 - INTERBASE RESISTANCE 



Ta, AMBIENT TEMPERATURE (°C) 

FIGURE 16 - SWITCHING CIRCUIT 



Wave Shape 
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2n61 16 (SILICON) 

2n6117 

2n6118 


aQ 



SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 


. . . designed to enable the engineer to "program" unijunction 
characteristics such as Rbb* 17* I ar| d Ip by merely selecting two 
resistor values. Application includes thyristor-triggor, oscillator, pulse 
and timing circuits. These devices may also be used in special 
thyristor applications due to the availability of an anode gate. 


Programmable — RbET 7 ?' IV anc * Ip 
Hermetic TO-18 Package 

Low On-State Voltage — 1.5 Volts Maximum @ Ip = 50 mA 
Low Gate to Anode Leakage Current - 5.0 nA Maximum 
High Peak Output Voltage — 16 Volts Typical 
Low Offset Voltage — 0.35 Volt Typical (Rq = 10 k ohms) 


SILICON 

PROGRAMMABLE UNIJUNCTION 
TRANSISTORS 
40 VOLTS 
250 mW 


“MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Repetitive Peak Forward Current 

'trm 



100 jus Pulse Width, 1 .0% Duty Cycle 


1.0 

Amp 

20 jus Pulse Width, 1 . 0 % Duty Cycle 


2.0 

Amp 

Non-Repetitive Peak Forward Current 

•tsm 

5.0 

Amp 

10 jus Pulse Width 




DC Forward Anode Current 

't 

200 

mA 

Derate Above 25°C 


2.0 

mA/°C 

DC Gate Current 

'G 

±20 

mA 

Gate to Cathode Forward Voltage 

V GKF 

40 

Volt 

Gate to Cathode Reverse Voltage 

V GKR 

5.0 

Volt 

Gate to Anode Reverse Voltage 

V GAR 

40 

Volt 

Anode to Cathode Voltage 

V AK 

±40 

Volt 

Forward Power Dissipation @T/\ = 25°C 

Pf 

250 

mW 

Derate Above 25°C 

1/0JA 

2.5 

mW/°C 

Operating Junction Temperature Range 

Tj 

-55 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

•Indicates JEDEC Registered Data 


rP C 


SEATING / 
PLANE 

STYLE 6: 

PIN 1. CATHODE ,, 

2. GATE 

3. ANODE 


7T 

-F 1 K 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

D 

0.406 

0.533 

0.016 

0.021 

E 

- 

0.762 

- 

0.030 

F 

0.406 

0.483 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.914 

1.17 

0.036 

0.046 

J 

0.711 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 


L 

6.35 

- 

0.250 

n 

M 

45° 

BSC 

45° 

BSC 

N 

1.27 BSC 

0.050 BSC 

P 

- | 1.27 

- | 0.050 


All JEDEC notes and dimensions apply. 
CASE 22-03 
(TO-18) 
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2N6116, 2N6117, 2N6118(continued) 


* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

Offset Voltage 2N6116 

1 

V T 

0.2 

0.70 

1.6 

Volts 

(V s = 10 Vdc, R G = 1.0 MO) 2N6117 



0.2 

0.50 

0.6 


2N6118 



0.2 

0.40 

0.6 


(Vg = 10 Vdc, Rq = 10 k ohms) All Types 



0.2 

0.35 

0.6 


Gate to Anode Leakage Current 

- 

•gao 




nAdc 

(V s = 40 Vdc, T A = 25°C, Cathode Open) 



- 

1.0 

5.0 


( Vg = 40 Vdc, T a = 75°C, Cathode Open) 



- 

30 

75 


Gate to Cathode Leakage Current 

- 

•gks 

- 

5.0 

50 

nAdc 

(Vg = 40 Vdc, Anode to Cathode Shorted) 







Peak Current 2N6116 

2,9-14 

*p 

- 

1.25 

2.0 

m a 

(Vg = 10 Vdc, Rq = 10 MSZ) 2N6117 



- 

0.19 

0.3 


2N6118 



- 

0.08 

0.15 


(Vg = 10 Vdc, R G = 10 k ohms) 2N6116 



- 

4.0 

5.0 


2N6117 



- 

1.20 

2.0 


2N6118 



- 

0.70 

1.0 


Valley Current 

1,4,5 

'V 




iuA 

(Vg = 10 Vdc, R G = 1.0 IVU2) 2N6116, 2N6117 



- 

18 

50 


2N6118 



- 

18 

25 


(Vg = 10 Vdc, R g = 10 k ohms) 2N6116 



70 

270 



2N6117, 2N6118 



50 

270 



Forward Voltage (Ip =50 mA Peak) 

1,6 

V T 

- 

0.8 

1.5 

Volts 

Peak Output Voltage 

3,7 

Vo 

6.0 

16 

j 

Volts 

<V B = 20 Vdc, C C = 0.2 juF) 







Pulse Voltage Rise Time 

3 

tr 

_ 

40 

80 

ns 

(V B = 20 Vdc, C c = 0.2 M F) 








* I ndicates JE DEC Registered Data 


FIGURE 1 - ELECTRICAL CHARACTERIZATION 



R2 


-vs* 


R 1 


R1 

R1 + R2 


VB 



1A - PROGRAMMABLE UNIJUNCTION 
WITH “PROGRAM" RESISTORS 
R1 and R2 


IB - EQUIVALENT TEST CIRCUIT FOR 
FIGURE 1 A USED FOR ELECTRICAL 
CHARACTERISTICS TESTING 
(ALSO SEE FIGURE 2) 



FIGURE 2 - PEAK CURRENT <lp) TEST CIRCUIT 


FIGURE 3 - V Q AND t r TEST CIRCUIT 
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Vf, PEAK FORWARD VOLTAGE (VOLTS) lv. VALLEY CURRENT (/iA) 


2N6116, 2N6117, 2N6118 (continued) 


TYPICAL VALLEY CURRENT BEHAVIOR 


FIGURE 4 - EFFECT OF SUPPLY VOLTAGE FIGURE 5 - EFFECT OF TEMPERATURE 



-75 -50 -25 0 +25 +50 +75 +100 H25 


Vs, SUPPLY VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 - FORWARD VOLTAGE 


FIGURE 7 - PEAK OUTPUT VOLTAGE 



IF, PEAK FORWARD CURRENT (AMP) Vs, SUPPLY VOLTAGE (VOLTS) 

FIGURE 8 - STANDARD UNIJUNCTION 
COMPARED TO PROGRAMMABLE UNIJUNCTION 


STANDARD UNIJUNCTION 



CIRCUIT SYMBOL EQUIVALENT CIRCUIT TYPICAL APPLICATION 


A 



K 

CIRCUIT SYMBOL 


PROGRAMMABLE UNIJUNCTION 



EQUIVALENT CIRCUIT 
WITH EXTERNAL "PROGRAM" 
RESISTORS R1 and R2 



TYPICAL APPLICATION 
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PEAK CURRENT (mA) . Ip, PEAK CURRENT (juA) I Ip, PEAK CURRENT (yjA) 


2N6116, 2N61 17, 2N6118 (continued) 


TYPICAL PEAK CURRENT BEHAVIOR 



Vs, SUPPLY VOLTAGE (VOLTS) 


2IM61 1 6 

FIGURE 10 - EFFECT OF TEMPERATURE AND R G 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, AMBIENT TEMPERATURE (°C) 


2N6117 


FIGURE 11 - EFFECT OF SUPPLY VOLTAGE AND R G 























FIGURE 2) 





(SEE 









— J-* 





— 

IQ = 10M25 


— 

— 

— 



. 






> 











t_ - - 




' 

- - —J£. 

i.o mi i 





5.0 10 15 20 

Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 12 - EFFECT OF TEMPERATURE AND R G 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, AMBIENT TEMPERATURE (°C) 


2N6118 



5.0 10 15 20 


Vs, SUPPLY VOLTAGE (VOLTS) 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta,AMBIENTTEMPERATURE(°C) 
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2n6136 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


25 W - 470 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 


. . .designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 520 MHz. 


Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 25 Watts 
Minimum Gain = 4.0 dB 
Efficiency = 65% 



Overlay Construction Provides Protection Against Device Damage 
Due to Load Mismatch 

Characterized With Series Equivalent Large-Signal Impedance 
Parameters 


* MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

>C 

6.0 

Adc 

Total Device Dissipation @ Tq = 25°C (2) 
Derate above 25°C 

PD 

60 

0.343 

Watts 

W/°C 

Storage Temperature Range 

T stg 

-66 to +200 

°C 

Stud Torque (1) 

- 

6.5 

in. lb. 


•Indicates JEDEC Registered Data 

(1) For repeated assembly use 5 in. lb. 

(2) This device is designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as class B or C RF amplifiers. 


STYLE 1 : 

PIN 1 EMITTER L. 
2 BASE U 
3. EMITTER 
4 COLLECTOR 





MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.78 

0.370 

0.385 

B 

8.13 

8.38 

0.320 

0.330 

c 

18.03 

19.05 

0.710 

0.750 

D 

5.59 

5.84 

0.220 

0.230 

~T 

1.78 

2.03 

0.070 

0.080 

F 

2.79 

2.92 

0.110 

0.115 

TH 

26.42 

28.70 

1.040 

1.130 

j j 

0.10 

0.15 

0.004 

0.006 

K 

13.21 

14.35 

0.520 

0.565 

L 

1.40 

1.65 

0.055 i 

0.065 

M 

45° 

N0M 

45« NOM 

P 


1.27 

_ 

0.050 

R 

7.59 

7.80 

0.299 

0.307 

S 

4.01 

4.52 

0.158 

0.178 

T 

2.16 

2.41 

0.085 

0.095 

U 

2.54 

3.30 

0.100 

0.130 
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2N6136 (continued) 


*ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 
Characteristic j Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BV^eq 

(Iq = 50 mAdc, l B = 0) 

Collector-Emitter Breakdown Voltage BVqes 

(l c = 50 mAdc, V BE = 0) 

Emitter-Base Breakdown Voltage B^EBC 

(l E = 50 mAdc, lc = 0) 


Collector Cutoff Current 
(V CE = 15 Vdc, V BE = 0, T C = 55°C) 


ON CHARACTERISTICS 

DC Current Gain h EE 

(l c = 1.0 Adc, V CE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

55 

70 

(V C b = 12.5 Vdc, l E = 0, f = 1.0 MHz) 





FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(Pout = 25 W, V CC = 12-5 Vdc, f = 470 MHz) 


Collector Efficiency 

(P out = 25 W, V CC - 12.5 Vdc, f = 470 MHz) 


* I ndicates JE DEC Registered Data 


FIGURE 1 - 470 MHz TEST CIRCUIT SCHEMATIC 

C6 

680 pF RFC1 


580 pF 

I"si* 



Note: Test circuit layout shown in Figure 6. 


FIGURE 2 - 

OUTPUT POWER versus INPUT POWER 



FIGURE 3 - 

OUTPUT POWER versus FREQUENCY 










IB 

— i 

— 






12 W 

— 

1 

- 


— 


; 

= 

__ low 

8.0 W — 

E 

a 

— 

— 

- 


— 

F 

’in = 6.0 W 


B 

— 

— 

V™ 

= 12 5 

Vdc _ 

— 



B 



n i 




m 


P in , INPUT POWER (WATTS) 


440 460 480 500 

f, FREQUENCY (MHz) 










1.0 25pF ARCO 421 OR EQUIVALENT R1 1.0 OHM, 1/2 WATT 

UHF COMPRESSION CONNECTORS ARETYPE “N" 

MICAS BOARD IS GLASS TEFLON 

3" X 5" X 0.062" 1 oz COPPER BOTH SIDES 
5 Turns #20 AWG 0.2 I.D. SHOWN TO SCALE 

FERRITE BEAD, FERROXCUBE 56-590-65- 3B CLADDING REMOVED IN DARK AREAS 
AS SHOWN ON LI MOUNTING PLATE IS 3" X 5" X 0.75" ALUMINUM 

C5,6 - 680 pF FT CAPACITOR Z1 and Z2 BASE AND COLLECTOR 

C7 - 1.0 pF, 35V TANTALUM CAPACITOR LINES ARE 0.5" X 1.75" 

RFC1 - CHOKE FERROXCUBE VK 200-20-4B 
C8 - 0.1 juF ERIE CK06 


Note: Figure 6 is 1:1 scaled layout of test circuit shown in Figure 1. This layout may be transferred directly to glass teflon board for easy 
reproduction of the test circuit. 


Cl, 2, 3,4 

LI, L2 
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2n6139 thru 2n6144 (SILICON) 
2n6148 thru 2n6150 


% 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• Economical for a Wide Range of Uses 

• High Surge Current — IjSM = ”100 Amp 

• Low Forward “On” Voltage — 1.4 V typ @ Ij jyj = 14 A 

• All Diffused and Passivate^ Junctions for Greater Stability 

• Rugged Construction in Either 3 Lead, Stud or Isolated Stud 

Package 

• Gate Triggering Guaranteed in Four Modes 


TRIACS 

(THYRISTORS) 

10 AMPERES RMS 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

* Repetitive Peak Off-State Voltage, Note 1 

V DRM 


Volts 

(Tj = -65 to +100°C, y 2 Sine Wave 

50 to 60 Hz, Gate Open) 




*Peak Principle Voltage 




2N6139, 2N6142, 2N6148 


200 


2N6140, 2N6143, 2N6149 


400 


2N6141, 2N6144, 2N6150 


600 


’Peak Gate Voltage 

V GM 

10 

Volts 

*On-State Current RMS (-65 to +75°C) 

•t(rms) 



(Full Cycle Sine Wave, 50 to 60 Hz) (+90°C) 



*Peak Surge Current 

! tsm 


Amp 

(One Full Cycle, 60 Hz, Tj = +75°C, preceded 
and followed by 10 A current) 




Circuit Fusing Considerations 

|2 t 

40 

A2s 

(Tj = -65 to +100°C, t = 1 .0 to 8.3 ms) 




’Peak Gate Power 


20 

Watts 

(Tj = +75°C, Pulse Width = 2.0 m) 




* Average Gate Power 

MM 

0.5 


(Tj = +75°C, t = 8.3 ms) 



■ ■ 

’Peak Gate Current 


2.0 

Amp 

’Operating Junction Temperature Range 

Tj 


°C 

’Storage Temperature Range 

"^stg 


°C 

’Stud Torque 2N6139 thru 2N6144 

- 

.5 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 



■n 

’Thermal Resistance,Junction to Case 

R6> JC 

2.0 


Thermal Resistance, Case to Ambient 


50 

°C/W 



* Indicates JE DEC Registered Data 
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2N6139 thru 2N6144, 2N6148 thru 2N6150 (continued) 


ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*Peak Blocking Current (Either Direction) 

•drm 

- 

- 

2.0 

mA 

Rated Vdrm@Tj = 100°C, Gate Open 






*On-State Voltage (Either Direction) 


- 

1.4 

1.8 

Volts 

•tM = 14 A Peak, Pulse Width = 1 .0 to 2.0 ms,Duty Cycle ^2.0 % 






Gate Trigger Current, Continuous dc 

*GT 




mA 

Main Terminal Voltage =12 Vdc, R(_ = 50 Ohms, Minimum Gate 

Pulse Width = 2.0 ms 

MT2 (+), G(+) 



6.0 

50 


MT2 (+), G(-) 


- 

6.0 

75 


MT2 (-), G(-) 


- 

10 

50 


MT2 (-), G(+) 


- 

25 

75 


*MT2 (+), G(+); MT2 (-), G(-)T C = -65°C 


- 

- 

125 


*MT2 (+), G(-); MT2 (-), G(+)T C = -65°C 


- 

- 

150 


Gate Trigger Voltage, Continuous dc 

V GT 




Volts 

Main Terminal Voltage = 12 Vdc, R[_ = 50 Ohms, Minimum Gate 

Pulse Width = 2.0 ms 

MT2 (+), G(+) 



0.9 

2.0 


MT2 (+), G(-) 


- 

0.9 

2.5 


MT2 (-), G(-) 


- 

1.1 

2.0 


MT2 (-), G(+) 


- 

1.4 

2.5 


*MT2 (+), G(+); MT2 (-), G(-) T c = -65°C 


- 

- 

2.5 


*MT2 (+), G(-); MT2 (-), G(+) T c = -65°C 


- 

- 

3.0 


*Main Terminal Voltage = Rated V[)R|y|, Rj_ = 10 k ohms, Tj = 100°C 


0.2 

- 

- 


Holding Current (Either Direction) 

'H 





Main Terminal Voltage = 12 Vdc, Gate Open, ) Tc = 25°C 


- 

6.0 



Initiating Current = 300 mA j Tq = -65°C 


- 

- 



*Turn-On Time 

tgt 




MS 

Main Terminal Voltage = Rated Vqrm, IjM = 14 A, 






Gate Source Voltage = 12 V, R§ = 50 Ohms, Rise Time = 0.1 jus. 
Pulse Width = 2.0 ms 


_ 

1.5 

2.0 


Blocking Voltage Application Rate at Commutation, f=60 Hz,Tq = 75°C 

dv/dt 

- 

5.0 

- 

V/ms 

On-State Conditions: 

•TM = 14 A, Pulse Width = 4.0 ms, di/dt = 5.3 A/ms 

Off-State Conditions: 






Main Terminal Voltage = Rated V^rm (200ms min). 

Gate Source Voltage = 0 V, R$ = 100 ft 







’Indicates JEDEC Registered Data 

NOTES: 

1. Ratings apply for open gate conditions. Thyristor devices shall not be tested 
with a constant current source for blocking capability such that the voltage 
applied exceeds the rated blocking voltage. 

Trigger devices are recommended for gating on Triacs. 


Triggers Provide: 

1. Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and reliable operation. 


[ Electrical Characteristics For General Usage 

For Lamp Dimmer 

Symbol 

MBS4991 

MBS4992 

MBS 100 

v s = 

6.0-10 V 

7.5— 9.0 V 

3.0— 5.0 V 

>s = 

350 mA Max 

120 mA Max 

100-400 m A 

V S1- V S2 = 

0.5 V Max 

0.2 V Max 

0.35 V Max 

[Temperature Coefficient = 0.02%/°C Typ 



See AN -526 for Theory and Characteristics of Silicon Bidirectional Switches. 
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Vqt, gate TRIGGER VOLTAGE (NORMALIZED) P(AV), AVERAGE POWER (WATTS) Tc, CASE TEMPERATURE (°C) 




0 2 0 4 0 6 0 8 0 10 

IT(AV). AVERAGE ON STATE CURRENT (AMP) 



IGT, GATE TRIGGER CURRENT (mA) 

(NORMALIZED) P< AV). AVERAGE POWER (WATTS) Tc, CASE TEMPERATURE (°C) 










2N6139 thru 2N6144, 2N6148 thru 2N6150 (continued) 


STYLE 2: 

PIN 1. GATE 

2. MAIN TERMINAL 1 
STUD: MAIN TERMINAL 2 



2N6139 

2N6140 

2N6141 



SEATING PLANE 



MILLIMETERS 

INCHES 

DIM 

MIN MAX 

MIN MAX 

A 

11.10 

- 0.437 

C 

7.87 

- 0.310 

F 

1.78 TYP 

0.070 TYP 

G 

2.29 2.79 

0.090 0.110 

J 

10.72 11.48 

0.422 0.452 

K 

16.76 

- 0.660 

L 

15.49 

- 0.610 


NOTE: 

1. DIM "G" MEASURED AT CAN. 



STYLE 2: 

PIN 1. GATE 

2. ANODE 1 

3. ANODE 2 
STUD - ISOLATED 


2N6142 

2N6143 

2N6144 


— 1 

l_l 

j - G 

Q 

| 

/— F 


ffV ! 

L IT 

jj K 

1 I 

yj l 

i or ' 


J g| 

jf j 


DIM 

MILLIMETERS 
MIN I MAX 

INCHES 

MIN | MAX 

A 

_ 

11.10 

_ 

0.437 

C 

- 

10.92 

- 

0.430 

F 

1.65 

1.91 

0.065 

0.075 

G 

2.29 

2.79 

0.090 

0.110 

H 

1.14 

1.40 

0.045 

0.055 

J 

10.72 

11.48 

0.422 

0.452 

K 

- 

16.76 

- 

0.660 

L 

— 

15.49 

- 

0.610 

N 

3.43 

3.68 

0.135 

0.145 

Q 

1.65 

1.91 

0.065 

0.075 


STYLE 2: 

PIN 1. GATE 

2. MAIN TERMINAL 1 

3. MAIN TERMINAL 2 


2N6148 

2N6149 

2N6150 



B 



DIM 

MILLIMETERS 
MIN | MAX 

INCHES 

MIN | MAX j 

A 

_ 

10.92 

_ 

0.430 

B 

~ 

8.89 

_ 

0.350 

c 

- 

5.97 

_ 

0.235 

D 

0.76 

0.86 

0.030 

0.034 

F 

4.83 

5.33 

0.190 

0.210 

G 

2.29 

2.79 

0.090 

0.110 * 

K 

33.53 

_ 

1.320 


L 

31.50 TYP 

1.24C 

TYP 

N 

1.65 

1.91 

0.065 

0.075 

P 

3.43 

3.68 

0.135 

0.145 

Q 

4.57 

5.08 

0.180 

0.200 

S 

30.48 

- 

1.20 



NOTES: 

1. DIM. "G" MEASURED AT CAN. 

2. LEAD NO. 3 ±7.5° DISPLACEMENT. 


2N6145 thro 2N6147 (SILICON) For Specifications, See 2N5571 Data. 
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2n61 51 (SILICON) 

thru 


2n6156 


0 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• All Diffused and Passivated Junctions for Greater Parameter Uni- 

formity and Stability 

• Small, Rugged, Thermopad Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two (2N6154, 2N6155, 2N6156) 

or Four Modes (2N6151, 2N6152, 2N6153) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

* Repetitive Peak Off-State Voltage, Note 1 

V DRM 


Volts 

(Tj = -40 to +100°C) 

>2 Sine Wave 50 to 60 Hz, Gate Open 

Peak Principle Voltage 




2N6151, 2N6154 


200 


2N6152, 2N6155 


400 


2N6153, 2N6156 


600 


*Peak Gate Voltage 

V GM 

10 

Volts 

*On-State Current RMS (Tq = -40 to +75°C) 

'T(RMS) 

10 

Amp 

Full Cycle Sine Wave 50 to 60 Hz (T c = +90°C) 


5.0 


'Peak Surge Current 

*TSM 

100 

Amp 

(One Full Cycle, 60 Hz, Tj = +75°C) 
preceded and followed by 10 A Current 




Circuite Fusing Considerations 

|2 t 

40 

A2s 

(Tj = -40 to +100°C, t = 1.0 to 8.3 ms) 




'Peak Gate Power (Tj = +75°C, Pulse Width = 2.0 jjs) 

P GM 

20 

Watts 

* Average Gate Power (Tj = +75°C, t = 8.3 ms) 

p G(AV) 

0.5 

Watt 

'Peak Gate Current 

'GM 

2.0 

Amp 

'Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

'Storage Temperature Range 

T stg 

-40 to +150 

°C 

'Mounting Torque (6-32 Screw), Note 2 

- 

8.0 

in. lb 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

* Thermal Resistance, Junction to Case 

R0JC 

2.0 

°C/W 

Thermal Resistance Case to Ambient 

R0 CA 

50 

°C/W 

•Indicates JEDEC Registered Data. 


TRIACS 

(THYRISTORS) 

10 AMPERES RMS 




111 




PIN 1. MT 1 

2. MT 2 

3. GATE 


H 

millimeters! 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

MM 

3.51 

3.76 

0.138 

0.148 

mm 

4.22 BSC 

0.16 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° TYP 

9°' 

TYP 

Q 

4.7u 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 
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2N6151 thru 2N6156 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25° unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*Peak Blocking Current (Either Direction) 

Rated Vqrm @ Tj = 100°C, Gate Open 

'DRM 

- 

- 

2.0 

mA 

*On-State Voltage (Either Direction) 

*TM = 14 A Peak; Pulse Width = 1.0 to 2.0 ms, Duty CycleS2.0 % 

V TM 

- 

1.3 

1.8 

Volts 

Gate Trigger Current, Continuous dc 

•gt 




mA 

Main Terminal Voltage = 12 Vdc, R|_ = 100 Ohms 






Minimum Gate Pulse Width = 2.0 jus 






MT2 (+), GW All Types 


- 

6.0 

50 


MT2 (+), G(-) 2N6151 thru 2N6153 


- 

6.0 

75 


MT2 (-), G(-) All Types 


- 

10 

50 


MT2 (-), GW 2N6151 thru 2N6153 


- 

25 

75 


*MT2 (+), GW; MT2 (-), G(-) T c = -40°C All Types 


- 

- 

100 


*MT2 (+), G(-); MT2 (-), GW T c = -40°C 2N6151 thru 2N6153 


- 

- 

125 


Gate Trigger Voltage, Continuous dc 

V GT 




Volts 

Main Terminal Voltage - 12 Vdc, R|_ = 100 Ohms 






Minimum Gate Pulse Width = 2.0 ms 






MT2 (+), G(+) All Types 


- 

0.9 

2.0 


MT2 (+), G(-) 2N6151 thru 2N6153 


- 

0.9 

2.5 


MT2 (-), G(-) All Types 


- 

1.1 

2.0 


MT2 (-), GW 2N6151 thru 2N6153 


- 

1.4 

2.5 


*MT2 (+), GW; MT2 (-), G(-) T c = -40°C All Types 


- 

- 

2.5 


*MT2 (+), G(-); MT2 (-), GW T c = -40°C 2N6151 thru 2N6153 


- 

- 

3.0 


Main Terminal Voltage = Rated Vorm, R(_ = 10 k ohms, Tj = 100°C 






*MT2 (+), GW; MT2 (-}, G(-) All Types 


0.2 

- 

- 


*MT2 (+), G(-); MT2 (-), G(+) 2N6151 thru 2N6153 


0.2 

- 

- 


Holding Current (Either Direction) 

'H 



: 

mA 

Main Terminal Voltage =12 Vdc, Gate Open, 1 Tq = 25°C 


- 

6.0 

40 


Initiating Current = 200 mA j Tq = -40°C 


- 

- 

75* 


*Turn-On Time 

tgt 

- 

1.5 

2.0 

MS 

Main Terminal Voltage = Rated V^rm , 1-pM = 14 A 


1 




Gate Source Voltage = 1 2 V, Rg = 100 Ohms, R ise T ime = 0.1 ms, 






Pulse Width = 2.0 ms 

. 





Blocking Voltage Application Rate at Commutation, f = 60 Hz,Tq = 75°C 

On-State Conditions: 

*TM - 14 A, Pulse Width = 4.0 ms, di/dt = 5.3 A/ms 

Off-State Conditions: 

Main Terminal Voltage = Rated Vqrm (200 ms min). 

Gate Source Voltage = 0 V, Rg = 100 £2 

dv/dt 

i 

! 


5.0 


V/ms 


* I ndicates JEDEC Registered Data 


NOTES: 

1 . Ratings apply for open gate conditions. Thyristor devices shall not be tested with a constant current source for blocking capability such 
that the voltage applied exceeds the rated blocking voltage. 

2. Torque rating applies with use of torque washer (Shakeproof WD19522 # 6 or equivalent). Mounting torque in excess of 8 in. lbs. does not 
appreciably lower case-to-sink thermal resistance. Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connection or device mounting), soldering temperatures shall not exceed +230°C. 


Trigger devices are recommended for gating on Triacs 
Triggers Provide: 

1. Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and reliable operation. 


Electrical Characteristics For General Usage 

For Lamp Dimmer 

Symbol 

MBS4991 

MBS4992 

MBS 100 

v s = 

6.0-10 V 

7. 5-9.0 V 

3.0— 5.0 V 

•s = 

350 mA Max 

120 mA Max 

100-^00 mA 

V S1“ V S2 = 

0.5 V Max 

0.2 V Max 

0.35 V Max 

[Temperature Coefficient = 0.02%/°C Typ j 


See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 


2-475 





V G T, GATE TRIGGER VOLTAGE (VOLTS) P(AV). AVERAGE POWE R (WATTS) T C . CASE TEMPERATURE (“0 


2N6151 thru 2N6156 (continued) 








2N6151 thru 2N6156 (continued) 


FIGURE 7 - MAXIMUM ON-STATE CHARACTERISTICS 


FIGURE 8 - TYPICAL HOLDING CURRENT 





1.0 2.0 3.0 5.0 7.0 10 


NUMBER OF FULL CYCLES 


FIGURE 10 - THERMAL RESPONSE 



t, TIME (s) 
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2n6157 

thru 

2n6165 


(SILICON) 


MT2 0 

— O MT1 

r — 

“1 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup- 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled 
solid-state devices are needed. 

• Glass Passivated Junctions and Center Gate Fire 

• Isolated Stud for Ease of Assembly 

• Gate Triggering Guaranteed In All 4 Quadrants 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

•Repetitive Peak Off-State Voltage (1) 

V DRM 


Volts 

(Tj = -65 to +125°C) 

1 /2 Sine Wave 50 to 60 Hz, Gate Open 




•Peak Principal Voltage 




2N6157, 2N6160, 2N6163 


200 


2N6158, 2N6161, 2N6164 


400 


2N6159, 2N6162, 2N6165 


600 


•Peak Gate Voltage 

vgm 

10 

Volts 

*On-State Current RMS 

'T(RMS) 


Amp 

(T c = -65 to +85°C) 


30 


(T c = +100°C) 

Full Sine Wave, 50 to 60 Hz 


20 


•Peak Surge Current 

(One Full Cycle of surge current 

*TSM 

250 

Amp 

at 60 Hz, preceeded and fol- 
lowed by a 30 ARMS current, 

Tj = +125°C) 




Circuit Fusing Considerations 

|2 t 

210 

A2s 

(Tj = -65 to +125°C, 
t = 1.0 to 8.3 ms) 




•Peak Gate Power 

P GM 

20 

Watts 

(Tj = +80°C, Pulse Width = 2.0 ns) 




•Average Gate Power 

Pq(AV) 

0.5 

Watt 

(Tj = +80°C, t = 8.3 ms) 




•Peak Gate Current 

•gm 

2.0 

Amp 

•Operating Junction Temperature Range 

Tj 

-65 to +125 

°C 

•Storage Temperature Range 

T stg 

-65 to +150 

°c 

•Stud T orque 

2N6160 thru 2N6165 


30 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

•Thermal Resistance, Junction to Case 

R0 JC 

1.0 

°C/W 


'Indicates JEDEC Registered Data. 

U) Ratings apply for open gate conditions. Thyristor devices shall not be tested with a 
constant current source for blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 


TRIACS 

(THYRISTORS) 

30 AMPERES RMS 


2N6157 

2N6158 

2N6159 


CASE 174 
TO-203 


2N6160 

2N6161 

2N6162 


CASE 175 


2N6163 

2N6164 

2N6165 


CASE 235 
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2N6157 thru 2N6165 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

* Peak Blocking Current (Either Direction) 

•drm 

- 

- 

2.0 

mA 

Rated V DRM @ T j = 125°C 






*On-State Voltage (Either Direction) 

V TM 

- 

1.5 

2.0 

Volts 

*TM = 42 A Peak, Pulse Width = 1 .0 to 2.0 ms. Duty Cycled 2.0 % 






Gate Trigger Current, Continuous dc (1) 

Main Terminal Voltage =12 Vdc, R|_ = 50 Ohms 

MT2 <+), G(+) 

'GT 


10 

60 

mA 


MT2 (+), G(-) 


- 

13 

70 


MT2 (-), G(-) 


- 

15 

70 


MT2 (-), G(+) 


- 

20 

100 


*MT2 (+), G(+); MT2 (-), G(-) T c = -65°C 


- 

- 

200 


*MT2 (+), G(-); MT2 (-), G(+) T c = -65°C 


- 

- 

250 


Gate Trigger Voltage, Continuous dc 

Main Terminal Voltage = 12 Vdc, R|_ = 50 Ohms 

MT2 (+), G(+) 

V GT 


0.7 

2.0 

Volts 



MT2 (+), G(-) 


- 

0.7 

2.1 


MT2 (-), G(-) 


- 

0.8 

2.1 


MT2 (-), G(+) 


- 

0.9 

2.5 


‘All Quadrants, T c = -65°C) 


- 

- 

3.4 


*Main Terminal Voltage = Rated Vqrm, R(_ = 10 k ohms, Tj = +125°C 


2.0 

- 

- 


Holding Current 

l H 




mA 

Main Terminal Voltage =12 Vdc, Gate Open 

Initiating Current = 500 mA 






MT2 (+) 


- 

5.0 

70 


MT2 (-) 


- 

5.0 

80 


‘Either Direction, Tq = -65°C 


- 

- 

200 


*Turn-On Time 

t gt 

- 

1.0 

2.0 

MS 

Main Terminal Voltage = Rated Vdrm, 1-yM = 42 A, 

Gate Source Voltage = 12 V, Rg = 50 Ohms, Rise Time = 0.1 ps. 

Pulse Width = 2.0 jus 







Blocking Voltage Application Rate at Commutation, f = 60 Hz.Tq = 85°C 

dv/dt 

- 

5.0 

- 

V/ms 

On-State Conditions: 

*TM = 42A, Pulse Width = 4.0 ms, di/dt = 17.5 A /ms 

Off State Conditions: 






Main Terminal Voltage = Rated Vqrm (200 jus min). 

Gate Source Voltage = 0 V, Rg = 50 Q 







•Indicates JEDEC Registered Data. 

U) All voltage polarity reference to main terminal 1. 


QUADRANT DEFINITIONS 


G(-) 


MT2(+) 


QUADRANT II 

QUADRANT ! 

MT2(+), G (-) 

MT2( + ), G(+) 

QUADRANT III 

QUADRANT IV 

MT2(~), G(-) 

MT2(-), G(+) 


Trigger devices are recommended for gating on Triacs. They provide: 

1 . Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and reliable operation. 


ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 


USAGE 

General 

Lamp Dimmer 

PART NUMBER 

MBS4991 

MBS4992 

MBS 100 

v s 

6.0 - 10 V 

7.5 -9.0 V 

3.0 - 5.0 V 

«S 

350 juA Max 

120 /jlA Max 

100 - 400 mA 

Vsi - VS 2 

0.5 V Max 

0.2 V Max 

0.35 V Max 

Temperature 

Coefficient 

0.02%/°C Typ 


See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 


MT2(-) 
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Vgt, GATE TRIGGER VOLTAGE (VOLTS) P (AV ), AVERAGE POWER (WATTS) Tq, CASE TEMPERATURE (°C) 



Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 









(t), EFFECTIVE TRANSIENT THEF 
RESISTANCE (NORMALIZED) 


7 thru 2N6165 (continued) 



t, TIME (ms) 
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2N6157 thru 2IM6165 (continued) 




H- A -h 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

12.726 

12.827 

0.501 

0.505 

B 

11.811 

12.065 

0.465 

0.475 

C 

8.39 

9.65 

0.330 

0.380 

E 

2.54 

- 

0.100 

- 

F 

0.89 

1.72 

0.035 

0.068 

J 

2.04 

2.46 

0.080 

0.097 

K 

- 

20.32 

- 

0.800 

N 

- 

12.95 

- 

0.510 

a 

1.66 

2.28 

0.065 

0.090 


2N6157 

2N6158 

2N6159 


All JEDEC dimensions and notes apply 

CASE 174-02 
TO-203AA 


1 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.34 

15.60 

0.604 

0.614 

B 

14.00 

14.20 

0.551 

0.559 

C 

20.70 

24.13 

0.815 

0.950 

F 

1.40 

1.65 

0.055 

0.065 

H 

2.29 REF 

0.090 

REF 

J 

10.67 

11.56 

0.420 

0.455 

K 

9.78 

10.54 

0.385 

0.415 

L 

6.99 

7.75 

| 0.275 

0.305 

Q 

2.03 

2.41 

0.080 

0.095 

R 

1.65 REF 

0.065 REF 

T 

12.70 1 12.83 

0.500 1 0.505 


STYLE 3: 

TERM. 1. MAIN TERMINAL 1 
2 . GATE 

CASE MAIN TERMINAL 2 


STYLE 3: CASE 175 

TERM. 1. MAIN TERMINAL 1 
2. GATE 

STUD! MAIN TERMINAL 2 




CASE 235 


2N6163 

2N6164 

2N6165 


DIM 

millimeters! 

| INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

14.00 

14.20 

0.551 

0.559 

B 

12.73 

12.83 

0.501 

0.505 

C 

- 

26.16 

- 

1.030 

F 

2.03 

2.41 

0.080 

0.095 

G 

- 

6.48 

- 

0.255 

H 

2.16 

2.41 

0.085 

0.095 

J 

10.67 

11.56 

0.420 

0.455 

K 

9.78 

10.54 

0.385 

0.415 

L 

6.99 

7.75 

0.275 

0.305 

N 

6.48 

6.99 

0.255 

0.275 

Q 

3.43 

3.81 

0.135 

0.150 

R 

1.52 

1.78 

0.060 

0.070 

T 

1.40 

1.65 

0.055 

0.065 


STYLE 2: 

PIN 1. MAIN TERMINAL 1 

2. GATE 

3. MAIN TERMINAL 2 
STUD-ISOLATED 


2N6160 

2N6161 

2N6162 



2N6166 (SILICON) 


The RF Line 


100 WATTS 


NPN SILICON RF POWER TRANSISTOR 


NPN SILICON 
RF POWER 
TRANSISTOR 


. . . designed for VHF power amplifier applications in military and in- 
dustrial equipment. Particularly suited for use in Class AB, B,orC 
amplifier applications to 200 MHz 


High Output Power Capability — 

100 Watts Output @ f = 150 MHz 

Balanced Emitter Construction *o Provide the Designer With the 
Device Technology that Assures Ruggedness and Resists Tran- 
sistor Damage Caused by Load Mismatch. 

Flange Case for Ease of Mounting and Improved 
Thermal Conductivity 



^MAXIMUM RATINGS 


PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4. COLLECTOR 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

35 

Vdc 

Collector-Base Voltage 

v CBO 

65 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

>c 

9.0 

Adc 

T otal Device Dissipation @ Tq = 25°C ( 1 ) 
Derate above 25°C 

P D 

117 

0.667 

Watts 

W/°C 

Storage Temperature Range 

Tstg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.5 

°C/W 



^SEATING PLANE 


(l)This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 



[MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

24.64 

24.89 

0.970 

0.980 

B 

11.81 

12.07 

0.465 

0.475 

C 

5.82 

6.73 

0.229 

0.265 

D 

2.16 

3.94 

0.085 

0.155 

E 

2.13 

2.54 

0.084 

0.100 

F 

0.10 

0.15 

0.004 

0.006 

G 

18.29 

18.54 

0.720 

0.730 

H 

35.56 

38.10 

1.400 

1.500 

J 

3.12 1 

3.23 1 

0.123 

0.127 

K 

17.78 

19.05 

0.700 

0.750 

L 

6.22 

6.48 

0.245 

0.255 

M 

40° 

50° 

40° 

50° 

N 

3.66 

4.32 

0.144 

0.170 

Q 

2.97 

3.12 

0.117 

0.123 


•Indicates JE DEC Registered Data 
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2N6166 (continued) 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 200 mAdc, l B = 0) 

bvceo 

35 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
<I C = 200 mAdc, V BE = 0) 

bv C es 

65 

~ 

Vdc 

Emitter-Base Breakdown Voltage 
(Ig = 10 mAdc, lc = 0) 

BVebO 

4.0 

~ 

Vdc 

Collector Cutoff Current 

( V C e = 30 Vdc, V BE = 0, T C - 55°C) 

'C.ES 

— 

5.0 

mAdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

'CBO 

" 

3.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 500 mAdc, V C E “ 5.0 Vdc) 

h F E 

5.0 

_ 

" 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

- 

130 

pF 

(V CB = 28 Vdc, l£ = 0, f = 1.0 MHz) 






FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
( p out = 100 W, V C c = 28 Vdc, 

1C (Max) =5.95 Adc, f = 150 MHz) 

G PE 

6.0 

— 

dB 

Common-Emitter Amplifier Power Gain 
( p out = 30 W, V C c = 13.5 V, f = 150 MHz) 

Gpe 

4.5 

— 

dB 

Collector Efficiency 

(P out = 100 W, V C c = 28 Vdc, 
l C (Max) = 5.95 Adc, f = 150 MHz) 

V 

60 


% 


FIGURE 1 - 150 MHz TEST CIRCUIT 



C7 0.01 juF Ceramic Disc 
C8 0.1 pF Ceramic Disc 
C9 2400 pF Button 
CIO 5.0 mF/ 50 V 
RFC 0.15 /uHJ.W. Miller 
BEAD: FERROXCUBE 56-590-65-3B 


L3 1/8" Wide Copper Strap 


' 1 —A *" b 
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2N6166 (continued) 


FIGURE 7 - PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 



f, FREQUENCY (MHz) 


FIGURE 8 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 



f, FREQUENCY (MHz) 
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2N 6167 (SILICON) 

thru 

2n6170 


THYRISTORS 

SILICON CONTROLLED RECTIFIERS 

. . . designed for industrial and consumer applications such as power 
supplies; battery chargers; temperature, motor, light and welder con- 
trols. 

• Economical for a Wide Range of Uses 

• High Surge Current - IjsM = 240 Amp 

• Rugged Construction in Isolated Stud Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

‘Repetitive Peak Reverse Blocking Voltage ( 1 ) 

V RRM 


Volts 

(Tj = -40 to + 100°C) 




1/2 Sine Wave, 50 to 400 Hz, Gate Open 




2N6167 


100 


2N6168 


200 


2N6169 


400 


2N6170 


600 


*Non-Repetitive Peak Reverse 

V RSM 


Volts 

Blocking Voltage (t =^5.0 ms) 




2N6167 


150 


2N6168 


250 


2N6169 


450 


2N6170 


650 


‘Average Forward Current 

'T(AV) 


Amp 

(T c = -40 to +65°C) 


13 


(+85°C) 


6.5 


‘Peak Surge Current 

>tsm 


Amp 

(One cycle, 60 Hz) (T c = +65°C) 


240 


( 1 .5 ms pu Ise @ T j = 1 00°C 


560 


Preceeded and followed by no current 




or Voltage 




Circuit Fusing Considerations 

|2 t 

235 

a2 s 

(Tj = -40 to + 100°C) (t = 1.0 to 8.3 ms) 




‘Peak Gate Power 


5.0 


‘Average Gate Power 


0.5 

Watt 

‘Peak Forward Gate Current 

'GFM 

2.0 

Amp 

‘Operating Junction Temperature Range 

Tj 


°C 

‘Storage Temperature Range 

Tstq 


°C 

‘Stud Torque 

- 

30 

in. lb. 


^THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

| Unit j 

Thermal Resistance, Junction to Case 

R0 JC 

1.5 



* Indicates JEDEC Registered Data. 

(1) Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias 
applied to the gate concurrently with a negative potential on the anode. Devices should 
not be tested with a constant current source for forward or reverse blocking capability 
such that the voltage applied exceeds the rated blocking voltage. 


THYRISTORS 

PNPN 

20 AMPERES RMS 
100-600 VOLTS 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14.00 

14.20 

0.551 

0.559 

B 




liTPTCT 

« 

- 



HEM 

F 

El 

HIE 

BB1 

HEM 

G 

- 

G.48 


FMM 

mm 


EDI 

lililiM 


mm 

HiW 

HEM 

hlKMlB 

Ll'AM 

mm 




EM 

L 




■OKIlM 

o 

El 

EM 

■imi 

lilbiM 

mm 

imi 



urn* 

R 


MEM 



T 

m 



lililUM 


CASE 235 
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TC, MAXIMUM CASE TEMPERATURE (°C) 


2N6167 thru 2N6170 (continued) 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

| ' " Characteristic I Symbo 


* Peak Forward Blocking Voltage 
(Tj = 100°C) 

2N6167 

2N6168 

2N6169 

2N6170 



























Ih, HOLDING CURRENT (mA) IGT, GATE TRIGGER CURRENT (mA) 


2N6167 thru 2N6170 (continued) 


FIGURE 7 - TYPICAL GATE TRIGGER 
CURRENT 


FIGURE 8 - TYPICAL GATE TRIGGER 
VOLTAGE 




FIGURE 9 -TYPICAL HOLDING CURRENT 



Selected Thyristor-Trigger 
Application Notes 


AN-240 — SCR Power Control Fundamentals 

AN-295 — Suppressing RFI in Thyristor Circuits 

AN-422 — Testers for Thyristors and Trigger Diodes 

AN-453 - Zero Point Switching Techniques 

To obtain copies of these notes list the AN number(s) 
on your company letterhead and send your request to: 

Technical Information Center 
Motorola Semiconductor Products, Inc. 
P.O. Box 20924 
Phoenix, Arizona 85036 


2N 6171 thru 2N 6174 (SILICON) 

For Specifications, See 2N3870, Volume I. 
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2n6186 thru 2n6189 (SILICON) 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 1-2 Vdc (Max) @ lc = 10 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Isolated Collector Configuration 

• 2N6186 thru 2N6189 Complement to NPN 2N5346 thru 2N5349 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6186 

2N6187 

2N6188 

2N6189 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

>c 

10 

Adc 

Base Current 

'b 

2.0 

Adc 

Total Device Dissipation @Tq = 25°C 

Pd 

60 

Watts 

Derate above 25°C 


343 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

2.91 

°C/W 


* I ndicates JE DEC Registered Data 


FIGURE 1 - POWER-TEMPERATURE DERATING 



10 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

80-100 VOLTS 
60 WATTS 



STYLE 1: 

PIN 1. EMITTER 

2 BASE 

3 COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

10.77 

11.10 

0.424 

0 437 

C 

8.13 

11.89 

0.320 

0.468 

E 

2.29 

3.81 

0.090 

0.150 

G 

4.70 

5.46 

0.185 

0.215 

H 

- 

1.98 

- 

0.078 

J 

10.16 

11.56 

0.400 

0.455 

K 

14.48 

19.38 

0.570 

0 763 

L 

2.29 

2.79 

0.090 

0.110 

N 

- 

6.35 

- 

0.250 

P 

4.14 

4.80 

0.163 

0.189 

Q 

1.02 

1.65 

0.040 

0.065 

R 

8.08 

9.65 

0.318 

0.380 

S 

4.212 

4.310 

0.1658 

0.1697 

T 

9.65 

11.10 

0.380 

0.437 


All JEDEC dimensions and notes apply 
Collector isolated from case 


CASE 160-03 
(TO-59) 


2-491 






2N6186 thru 2N6189 (continued) 


* ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) 

- 

v CEO(sus) 



Vdc 

(Iq = 50 mAdc, l B = 0) 

2N6186, 87 



80 

- 



2N6188, 89 



100 

- 


Collector Cutoff Current 


- 

'CEO 



juAdc 

(VCE = 75 Vdc, l B = 0) 

2N6186, 87 



- 

100 


(VcE = 90 Vdc, l B = 0) 

2N6188, 89 




100 


Collector Cutoff Current 


12 

<CEX 



MAdc 

(Vqe = 75 Vdc, V BE ( 0 ff) = 

2N6186, 87 



- 

10 


1.5 Vdc) 







(V CE = 90 Vdc, V BE(0 ff) = 

2N6188, 89 



- 

10 


1.5 Vdc) 







<V CE = 75Vdc,V BE(off) = 

2N6186, 87 



- 

1.0 

mAdc 

1.5 Vdc, T c = 1 50°C) 







(V CE = 90 Vdc, V BE(off ) * 

2N6188, 89 



- 

1.0 


1.5 Vdc, Tq = 1 50°C) 







Collector Cutoff Current 


- 

*CBO 



MAdc 

( Vq B = Rated Vq B , I e = 0) 




- 

10 


Emitter Cutoff Current 


- 

'EBO 



MAdc 

(V BE =60 Vdc, l c = 0) 




.... 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 0.5 Adc, Vq E = 2.0 Vdc) 2N6186, 88 

2N6187, 89 

(l c = 2.0 Adc, V CE = 2.0 Vdc) 2N6186, 88 

2N6187, 89 

(l c = 5.0 Adc, V CE = 2.0 Vdc) 2N6186, 88 

2N6187, 89 

8 

hFE 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage 

9, 10, 11 

v CE(sat) 



Vdc 

(l c = 2.0 Adc, l B = 0.2 Adc) 



- 

0.7 


(Iq = 10 Adc, l B = 1.0 Adc) 



- 

1.2 


Base-Emitter Saturation Voltage 

10, 11 

v BE(sat) 



Vdc 

(Iq = 2.0 Adc, l B = 0.2 Adc) 



- 

1.2 


(Iq = 10 Adc, l B = 1.0 Adc) 



- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(l c = 500 mAdc, V CE = 10 Vdc, f Test = 10 MHz) 

- 


30 

_ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

7 

c ob 

- 

300 

pF 

Input Capacitance 

(V BE = 2.0 Vdc, Iq = 0, f = 100 kHz) 

7 

c ib 

- 

1250 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V CC = 40 Vdc, V BE (off) = 3.0 Vdc, 
l c = 2.0 Adc, I B1 = 200 mAdc) 

2,3 

*d 

- 

100 

ns 

Rise Time 

t r 

- 

100 

ns 

Storage Time 

(Vqq = 40 Vdc, Iq = 2.0 Adc, 

1 b 1 = 1 Q2 ~ 200 mAdc) 

2,6 

t S 

- 

2.0 

MS 

Fall Time 

tf 

- 

200 

ns 


* ! ndicates JEDEC Registered Data 

(1) Pulse Test Pulse Width~ 300 /is. Duty Cycle ^2.0%. 

(2) f T = I h fe l • f Tes t 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 




0.1 0.2 0 3 0.5 1.0 2.0 3.0 5.0 10 


1C, COLLECTOR CURRENT (AMP) 
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2N6186 thru 2N6189 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



VCE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqj= limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj( p k) = 20Q°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|<) <C 200°C . 
Tj(pk) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitaitons imposed by 
second breakdown. 


FIGURE 6 - TURN OFF TIME FIGURE 7 - CAPACITANCE versus VOLTAGE 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 



VBE- BASE-EMITTER VOLTAGE (VOLTS) 


r B e, external base-emitter 

RESISTANCE (OHMS) fly, TEMPERATURE COEFFICIENTS (mV/o c ) VQE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



FIGURE 13 - EFFECTS OF BASE-EMITTER 
RESISTANCE 



102 1 

0 20 40 60 80 100 120 140 160 180 200 


Tj, JUNCTION TEMPERATURE (°C) 






2n6190 (SILICON) 

thru 


2n6193 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = T2 Vdc (Max) @ lc = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space Limited 

Applications 

• Complement to NPN 2N5336 thru 2N5339 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N6190 

2N6191 

2N6192 

2N6193 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

>c 

5.0 

Adc 

Base Current 

•b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


57.1 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

17.5 

°C/W 


* I ndicates JE DEC Registered Data. 

FIGURE 1 - POWER-TEMPERATURE DERATING 



5 AMPERE 

POWER TRANSISTORS 
PNP SILICON 


80-100 VOLTS 
10 WATTS 




SEATING I, 

PLANE — -D STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0 370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

~rn 

0.711 

0.864 

0.028 

0.034 


0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° N0M 

45° l\ 

OM 

P 

~ 1 1.27 

- 

0.050 

Q 

90° NOM 

90° l\ 

OM 

R 

2.54 | ~ 

0.100 

- 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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2N6190 thru 2N6193 (continued) 


* ELECTR ICAL CHAR ACTE R I ST ICS (Tc = 25°C unless otherwise noted) 

| Characteristic | Fig. No. I Symbol I Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 50 mAdc, l B = 0) 

2N6190, 2N6191 
2N6192, 2N6193 


v CEO(sus) 

80 

100 

- 

Vdc 

Collector Cutoff Current 


- 

'CEO 



^Adc 

(V CE = 75 Vdc, l B = 0) 

2N6190, 2N6191 



- 

100 


(V C E = 90 Vdc, l B = 0) 

2N6192, 2N6193 



- 

100 


Collector Cutoff Current 


12 

'CEX 



juAdc 

(Vce = 75 Vdc, V BE ( 0 ff) = 1 5 Vdc) 

2N6190, 2N6191 



- 

10 


(Vce = 90 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N6192, 2N6193 



- 

10 


(Vce = 75 Vdc, V BE ( 0 ff) = 15 Vdc, 

2N6190, 2N6191 



- 

1.0 

mAdc 

T C = 1 50°C) 







(Vce = 90 Vdc, V BE ( 0 ff) = 1 5 Vdc, 

2N6192, 2N6193 



- 

1 0 


T c = 1 50°C) 







Collector Cutoff Current 


- 

'CBO 



juAdc 

( V CB = 80 Vdc, l E = 0) 

2N6190, 2N6191 



- 

10 


(V CB = 100 Vdc, l E = 0) 

2N6192, 2N6193 




10 


Emitter Cutoff Current 


- 

'EBO 



pAdc 

(V BE = 6.0 Vdc, l C = 0) 





100 



ON CHARACTERISTICS (1) 


DC Current Gam 

<I C = 500 mAdc, V CE = 20 Vdc) 2N6190, 2N6192 

2N6191, 2N6193 

(lc = 20 Adc, V CE = 20 Vdc) 2N6190, 2^6192 

2N6191 , 2N6193 

(l C = 5 0 Adc, V CE = 20 Vdc) 2N6190, 2N6192 

2N6191, 2N6193 

8 

*FE 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage 

9,10,11 

Vce (sat) 



Vdc 

(l C = 2 0 Adc, l B = 0.2 Adc) 



- 

07 


(l C = 5.0 Adc, l B = 0.5 Adc) 



- 

1 2 


Base-Emitter Saturation Voltage 

10,11 

v BE (sat) 



Vdc 

(1C = 2 0 Adc, l B = 0.2 Adc) 



- 

1.2 


(l C = 5.0 Adc, l B = 0.5 Adc) 



- 

1 8 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

<I C = 0 5 Adc, V CE = 10 Vdc, fjest = 10 MHz) 


*T 

30 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

7 

Cob 

- 

300 

P F 

Input Capacitance 

( V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

7 

c, b 

- 

1250 

P F 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vce = 40 Vdc, V BE { 0 ff) = 3.0 Vdc, 

2,3 

td 

- 

100 

ns 

Rise T ime 



V 

- 

TOO 

ns 

Storage Time 

(Vce = 40 Vdc, lc = 2 0 Adc, 

2,6 

*s 

- 

20 

MS 

Fall T ime 

1 B 1 = 1 B2 = 0 2 Adc) 


tf 

- 

200 

ns 


* I ndicates JE DEC Registered Data 

(1) Pulse Test Pulse Width < 300 M*. Duty Cycle< - 2 0% 

(2) f t = I hfe I * fjest 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



FIGURE 3 - TURN ON TIME 
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r(t), NORMALIZED EFFECTIVE TRANSIENT 
THERMAL RESISTANCE 


2N6190 thru 2N6193 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|<) < 200°C. 
Tj(pk) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitaitons imposed by 
second breakdown. 


FIGURE 6 - TURN-OFF TIME 




1.0 2.0 3.0 5.0 10 20 30 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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2N 

2N 

2N 


6226 

6227 

6228 


(SILICON) 


HIGH-VOLTAGE HIGH-POWER 
PNP SILICON TRANSISTORS 

. . . designed for use in high-power audio amplifier applications and 
high-voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 100 Vdc (Min) - 2N6226 
= 120 Vdc (Min) - 2N6227 
= 140 Vdc (Min) - 2N6228 

• DC Current Gain - @ lc = 3.0 Adc 

hFE = 25 (Min) - 2N6226 
= 20 (Min) - 2N6227 
= 15 (Min) — 2N6228 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 10 Vdc (Max) @ lc = 3.0 Adc 

• Complement to NPN Transistors 2N5758, 2N5759, 2N5760 


6 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

100-120-140 VOLTS 
150 WATTS 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6226 

2N6227 

2N6228 

Unit 

Collector-Emitter Voltage 

v CEO 

100 

120 

140 

Vdc 

Collector-Base Voltage 

V CB 

100 

120 

140 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current — Continuous 

Peak 

'c 

6.0 - 

10 

Adc 

Base Current 

! b 

— 4.0 

Adc 

Total Device Dissipation 
@ T c = 25°C 

Derate above 25°C 

Pd 

— 150 

0.857 

Watts 

w/°c 

Operating and Storage Junction 

Temperature Range 

t J' Tstg 

— 65 to +200 ■*- 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

1.17 

°C/W 


* Indicates JE DEC Registered Data. 




A 





jL 

— J 


1 


f > 


! . 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


CASE 11-01 


DIM 

MILLIMETERS 

INCHES 

MUM 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


NOTE: 

1. DIM "Q" IS 0IA. Collector connected to case. 
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2N6226, 2N6227, 2N6228 (continued) 



Collector Cutoff Current 

(V C E = 50 Vdc, l B = 0) 2N6 

(V CE = 60Vdc, l B = 0) 2N6 

{V C E = 70Vdc, l B = 0) 2N6 

Collector Cutoff Current 

(Vqe = Rated V CB , V BE ( 0 ff) = 1.5 Vdc) 

(V CE = Rated V CB . V BE ( 0 ff) = 1.5 Vdc, T c = 150°C) 


o! lector i 
(Vcb = Rated Vq b , l E = 0) 
Emitter Cutoff Current 
(V BE = 7.0 Vdc, l c = 0) 


ON CHARACTERISTICS (1) 

DC Current Gain 

(I C = 3.0 Adc, V CE = 2.0 Vdc) 2N6 


Oc = 6.0 Adc, Vq E = 2.0 Vdc All ' 

Collector-Emitter Saturation Voltage 
(l C = 3.0 Adc, l B = 0.3 Adc) 

(IC = 6.0 Adc, l B = 1.2 Adc) 

Base-Emitter On Voltage 
(l c = 3.0 Adc, Vce = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product (2) 

(IC = 0.5 Adc, V CE = 20 Vdc, f test = 0.5 MHz) 

Output Capacitance 
(V C b = 10 Vdc ' >E = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
(IC = 2.0 Adc, V CE = 10 Vdc, f = 1 .0 kHz) 

* Indicates JE DEC Registered Data. 

(1) Pulse Test: Pulse Width<300 ms, Duty Cycle<2.0%. 

(2) f T = | h fe | • ftest 


2N6226 
2N6227 
2N6228 
All Types 


1.0 

1.0 

1.0 

mAdc 

1.0 

5.0 

mAdc 

1.0 

mAdc 

1.0 

mAdc 



FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



t r , tf £110 ns 
DUTY CYCLE = 1.0% 



>/ 0 ~ +4.0 V 

RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib *100 mA 
MSD6100 USED BELOW Ig *100 mA 



00 1 L. 1.111. 

0.06 0.1 


In, C0LL0ECT0R CURRENT (AMP) 


[ili] 





























2N6226, 2N6227, 2N6228 (continued) 


FIGURE 4- 





1C, COLLECTOR CURRENT 0*A) V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 



s 






2N 6229 (SILICON) 

2n6230 

2n623I 


HIGH-VOLTAGE HIGH-POWER 
PNP SILICON TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage - 

VcEO(sus) = 100 Vdc (Min) - 2N6229 
= 120 Vdc (Min) - 2N6230 
= 140 Vdc (Min) - 2N6231 

• High DC Current Gain — @ Iq = 5.0 Adc 

h F E = 25 (Min) - 2N6229 
= 20 (Min) -2N6230 
= 15 (Min) - 2N6231 

• Low Collector-Emitter Saturation Voltage 

VCE(sat) = 10 Vdc (Max) @ l C = 7.5 Adc 

• Complements to NPN 2N5632, 2N5633 and 2N5634 


10 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

100, 120, 140 VOLTS 
150 WATTS 


♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 2N6229 2N6230 2N6231 


v CEO 


V CB 


V EB 


PD 


T J» T stg 


100 


120 


140 


- 10 - 
- 15 • 


5.0 • 


- 150 - 
0.857 - 


Watts 

W/°C 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

d JC 

1.17 

°C/W 


* Indicates JE DEC Registered Data. 










— nJ 


1 



L-J 




STYLE 1: 

F H PIN 1. BASE 

2. EMITTER 

' J CASE: COLLECTOR 


NOTE: 

1. DIM 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

-- 

1.050 


'Q" IS DIA. Collector connected to case. 
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2N6229, 2 N 6230, 2N6231 (continued) 

^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

{ — - ^ haracter - st . c | sy m b 0 { | Min | Max } UnTT 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 


v CEO(sus) 



Vdc 

(1C = 200 mAdc, l B - 0) 

2N6229 


100 

- 



2N6230 


120 

- 



2N6231 


140 

- 


Collector Cutoff Current 


'CEO 



mAdc 

<V CE = 50 Vdc, l B = 0) 

2N6229 


- 

1.0 


(V CE = 60 Vdc, l B = 0) 

2N6230 


- 

1.0 


(V C e ^ 70 Vdc, 1 B = 0) 

2N6231 


- 

1.0 


Collector Cutoff Current 


>CEX 



mAdc 

(Vce == 100 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N6229 


- 

1.0 


(V C E = 120 Vdc, V BE(off , = 1.5 Vdc) 

2N6230 


- 

1.0 


(Vce = 140 Vdc, v BE(off) = 1-5 Vdc) 

2N6231 


- 

1.0 


(Vce = 100 Vdc, V BE ( Q ff) = 1 .5 Vdc, 

T C = 150°C) 

2N6229 


- 

5.0 


(V CE = 120 Vdc, V BE ( off ) = 1.5 Vdc, 

T C = 1 50°C) 

2N6230 


- 

5.0 


(Vce = 140 Vdc, V eE (off) = 1.5 Vdc, 

T c = 150°C) 

2N6231 


- 

5.0 


Collector Cutoff Current 


'CBO 



mAdc 

(V C b = 100 Vdc, l E = 0) 

2N6229 


- 

1.0 


(V CB = 120 Vdc, l E = 0) 

2N6230 


- 

1.0 


(V C b = 140 Vdc, l E - 0) 

2N6231 


- 

1.0 


Emitter Cutoff Current 


'EBO 



mAdc 

(V BE = 7.0 Vdc, l c = 0) 


- 

1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

(1C = 5.0 Adc, V CE = 2.0 Vdc) 2N6229 

2N6230 

2N6-231 

(l C = 10 Adc, V CE = 2.0 Vdc) All 

hFE 

25 

20 

15 

5.0 

100 

80 

60 


Collector-Emitter Saturation Voltage 
(1C = 7.5 Adc, l B = 0.75 Adc) 

(1C = 10 Adc, l B = 2.0 Adc) 

V CE (sat) 

- 

1.0 

2.0 

Vdc 

Base-Emitter Saturation Voltage 
(1C = 7.5 Adc, l B = 0.75 Adc) 

v BE(sat) 

_ 

2.0 

Vdc 

Base-Emitter On Voltage 

(1C = 5.0 Adc, V CE = 2.0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 1 -0 Adc, V C e = 20 Vdc) , f test = 0.5 MHz) 

IT 

1.0 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

_ 

600 

pF 

Small-Signal Current Gain 

(l C = 2.0 Adc, V C e = 10 Vdc, f = 1.0 kHz) 

h fe 

15 

- 

- 


* Indicates JE DEC Registered Data. 

(1) Pulse Test: Pulse Width <300 jus, Duty Cycle = 2.0%. 

< 2 > f T= |hfe| * f test 

FIGURE 2 - SWITCHING TIME TEST Cl RCUIT FIGURE 3 - TURN-ON TIME 


Vcc 

-30 V 


+ 10 V - - 



t r , tfsiio ns 
DUTY CYCLE = 1.0% 

RB and 



RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE 1 b «100 mA 
MSD6100 USED BELOW Ifi «100 mA 



2-504 













2N6229, 2N6230, 2N6231 (continued) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE lir nits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k)^ 200°C. T j( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


FIGURE 7 - CAPACITANCE 
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2I\I6229, 2N6230, 2N6231 (continued) 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 



+0.3 +0.2 +0.1 0 -0.1 -0.2 -0.3 -0.4 -0.5 -0.6 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


20 40 60 80 II 

Tj, JUNCTION TEMPERATURE (°C) 






2n6233 (SILICON) 

2n6234 

2n6235 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for high reliability switching and pin diode driver 
applications [SAFEGUARD] 

• High Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 225 Vdc - 2N6233 
275 Vdc - 2N6234 
325 Vdc - 2N6235 

• DC Current Gain — hp£ = 25 to 1 25 — Iq = 1 0 Adc 

• Low Collector-Emitter Saturation Voltage 

VcE(sat) = 0.5 Vdc (Max) @ Iq = 1.0 Adc 

• High Frequency Response — f j = 20 MHz (Min) 

• Fast Switching Times @ 1.0 Adc — 

t r = 0.5 /is (Max) 
t s = 3.5 /is (Max) 
tf = 0.5 /is (Max) 

• Environment Test Data Available 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N6233 

2N6234 

2N6235 

Unit 

Collector-Emitter Voltage 

v CEO 

225 

275 

325 

Vdc 

Collector-Base Voltage 

V CB 

250 

300 

350 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 


Vdc 


Collector Current — Continuous 

Peak 

>C 


Adc 



Base Current 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

>B 

PD 


Adc 

Watts 

W/°C 


0.286 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.5 

°C/W 


* I ndicates JE DEC Registered Data. 



5 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

225,275,325 VOLTS 
50 WATTS 



SEATING PLANE 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



DIM 

MILLIMETERS' 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5 33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

~7j 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 
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2N6233, 2N6234, 2N6235 (continued) 


^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

( 1 q = 20 mAdc, lg = 0) 

2N6233 

2N6234 

2N6235 

VcEO(sus) 

225 

275 

325 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

<V CE = 225, lg = 0) 

2N6233 


- 

1.0 


(V CE = 275, lg = 0) 

2N6234 


- 

1.0 


( V CE = 325, lg = 0) 

2N6235 


- 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(V CE - 250 Vdc, V EB ( 0ff ) = 1.5 Vdc, 

2N6233 


- 

1.0 


Tq = 150°C) 






(Vce = 300 Vdc, V E g( 0 ff) = 1.5 Vdc, 

2N6234 


- 

1.0 


T C = 150°C) 






(V CE = 350 Vdc, V EB ( of f) = 1.5 Vdc, 

2N6235 


- 

1.0 


T C = 150°C) 






Collector Cutoff Current 


•CBO 



mAdc 

(V C B = 250 Vdc, l E =0) 

2N6233 


- 

0.1 


(V CB = 300 Vdc, l E = 0) 

2N6234 


- 

0.1 


(Vcb = 350 Vdc, l E = 0) 

2N6235 


- 

0.1 


Emitter Cutoff Current 


*EBO 



mAdc 

(V BE = 6.0 Vdc, l c = 0) 



- 

0.1 



ON CHARACTERISTICS (1) 


DC Current Gam 

(l c = 0 1 Adc, V CE = 50 Vdc) 

(l c = 1.0 Adc, V CE = 5.0 Vdc) 

(Iq = 3 0 Adc, V CE =50 Vdc) 

h FE 

25 

25 

10 

125 


Collector-Emitter Saturation Voltage 

^ce (sat) 



Vdc 

(l c = 1.0 Adc, l B = 0 1 Adc) 


- 

0.5 


(l c = 5.0 Adc, l B = 1.0 Adc) 


~ 

2.5 


Base Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l c = 1.0 Adc, l B = 0.1 Adc) 


- 

1.0 


(l c = 50 Adc, lg = 1.0 Adc) 


- 

2.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l c = 1 0 Adc, V CE = 5.0 Vdc) 



1.0 



DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product (2) 

(l„ = 0.25 Adc, V„ c = 10 Vdc, f =10 MHz) 

C CE test 

fT 

20 

- 

MHz 

Output Capacitance 

(V C b = 10 Vdc, 'E = 0, f =0.1 MHz) 

Cob 

- 

250 

PF 


SWITCHING CHARACTERISTICS 


Rise T ime 

(V C c = 200 Vdc, l c = 1 0 Adc, lg = 0 1 Adc) 


- 

0.5 

/us 

Storage Time 

(V C C = 200 Vdc, l C = 10 Adc, I B1 = l B2 = 0.1 Adc) 

t S 

- 

3.5 

MS 

Fall T ime 

(V C C = 200 Vdc, I C = 1.0 Adc, Ig-j = lg 2 = 0.1 Adc) 

tf 

- 

0.5 

MS 


•Indicates JE DEC Registered Data 

(1) Pulse T est Pulse Width ^ 300 /us. Duty Cycle ^ 2 0%. 


(2) f T = |h fe | * f test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



t r , t r <10ns 
DUTY CYCLE = 1.0% 


VCC = 200 



FOR INFORMATION ON FIGURES3and 6 
RB AND Rc ARE VARIED TO OBTAIN 
DESIRE0 CURRENT LEVELJ, Di DIS- 
CONNECTED AND V2 REDUCED TO 5 
VOLTS FOR td MEASUREMENT. 
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2N6233, 2N6234, 2N6235 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate l£ — Vqe limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 5 is based on Tj( p | < ) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p ( c ) ^ 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCES 
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2N6233, 2N6234, 2N6235 (continued) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 



Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


1b, BASE CURRENT (pA) ( TEMPERATURE COEFFICIENTS (mV/°C) ^ Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 - COLLECTOR SATURATION REGION 



FIGURE 11 - TEMPERATURE COEFFICIENTS 



FIGURE 13 - BASE CUT OFF REGION 










2N 6236 thru 2N 6241 (SILICON) 




PLASTIC THYRISTORS 

(PLASTIC SILICON CONTROLLED RECTIFIERS) 

. . . PNPN devices designed for high volume consumer applications 
such as temperature, light, and speed control; process and remote 
control, and warning systems where reliability of operation is 
important. 

• Passivated Surface for Reliability and Uniformity 

• Power Rated at Economical Prices 

• Practical Level Triggering and Holding Characteristics 

• Flat, Rugged, Thermopad Construction for Low Thermal Resist- 
ance, High Heat Dissipation and Durability 

• Recommended Electrical Replacement for C 106 


MAXIMUM RATINGS (Tj - 100°C unless otherwise noted.) 


| Rating 

Symbol 

Value 

Unit 

’Repetitive Peak Forward and Reverse 


VdRM 


Volts 

Blocking Voltage (Note 1) 





(1/2 Sine Wave) 

2N6236 


30 


(Gate Open, 

2N6237 

Vrrm 

50 


Tj = -40 to +110°C) 

2N6238 


100 



2N6239 


200 



2N6240 


400 



2N6241 


600 


*Non-Repetitive Peak Reverse Blocking 

Voltage 

V RSM 


Volts 

(1/2 Sine Wave, 

2N6236 


50 


Gate Open, 

2N6237 


100 


Tj = -40 to +110°C) 

2N6238 


150 



2N6239 


250 



2N6240 


450 



2N6241 


650 


’Average On-State Current 


*T(AV) 


Amp 

(T c = -40 to +90°C) 



2.6 


(T c = +100°C) 



1.6 


’Surge On-State Current 


•tsm 


Amp 

(1/2 Sine Wave, 60 Hz, T c = +90°C) 



25 


( 1 12 Sine Wave, 1 .5 ms, Tc. = +90°C) 



35 


Circuit Fusing Considerations 


l 2 t 

2.6 

A 2 s 

(Tj = -40 to +1 1 0°C, t = 1 .0 to 8.3 ms) 




’Peak Gate Power 


P GM 

0.5 

Watts 

(Pulse Width = 10 ms) 





’Average Gate Power 


P G(AV) 

0.1 

Watt 

(t = 8.3 ms) 





Peak Forward Gate Current 

•gm 

0.2 

Amp 

Peak Reverse Gate Voltage 

VrGM 

6.0 

Volts 

’Operating Junction Temperature Range 


-40 to +110 

°C 

’Storage Temperature Range 

T Stq 

-40 to +150 

°C 

Mounting Torque 


- 

6.0 

in. lb 

(Note 2) 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

’Thermal Resistance, Junction 
to Case 

R 0JC 


3.0 

°C/W 

Thermal Resistance Junction 
to Ambient 

r 0JA 

- 

75 

°C/W 


THYRISTORS 

4.0 AMPERES RMS 
30 thru 600 VOLTS 



u |“*" 
r-Jr-V 


E£1 




i STYLE 1 

PIN 1. EMITTER 

-E 2. COLLECTOR 

f 3. BASE 




HUH 




EJ2H 

WM 

HSftB 


s7lc«T»H 

? TwH 


H3D3I 


i.wiii 

■ifckflg 

mm 


EEIi! 

filiHil 


EH 

■itlB 


■mriia 

g<niv;*( 

HE 


— clilil 


vssm 

HE 


HU 



mem 


iniim 

■iUlVTlfc 



■Mif 

tfilALU 


EH 

iffcui 


inkliil 

ulirij* 

\mm 

EMI 

EMI 



EH 

emehee 

Elkii 

mvm 


’Indicates JED EC Registered Data. 
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MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


2N6236 thru 2N6241 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted, Rqk = 1000 ohms.) 


Characteristics 

Symbol 

Min 

Typ 

Max 

Unit 

*Peak Forward Blocking Current (Note 1) 

'drm 




juA 

(Rated VqrM- T J = 110°C) 


- 

- 

200 


*Peak Reverse Blocking Current (Note 1) 

'rrm 




juA 

(Rated V RRM ,Tj= 110°C) 


- 

- 

200 


*Peak Forward "On" Voltage 

V TM 




Volts 

dTM = 8.2 A Peak, Pulse Width = 1 to 2 ms, 2% Duty Cycle) 


- 

- 

2.2 


Gate Trigger Current (Continuous dc) 

*GT 




m a 

(V A k = 12 Vdc, R L = 24 Ohms) 


- 

- 

200 


*<V A k = 12 Vdc, R l = 24 Ohms, T c = -40°C) 


- 


500 


Gate Trigger Voltage (Continuous dc) 

V GT 




Volts 

(Source Voltage = 1 2 V, Rg = 50 Ohms) 






*(V A k= 12 Vdc, R|_ = 24 Ohms, T C = -40°C) 


- 

- 

1.0 


Gate Non-Trigger Voltage 

V GD 




Volts 

(Vak = Rated VpRM* = 1®® Ohms, Tj = 1 10°C) 


0.2 

j 

- 


Holding Current 

<H 




mA 

(V A K = 1 2 Vdc, l G T = 2.0 mA) Tj = 25°C 


- 

- 

5.0 


*(lnitiating On-State Current = 200 mA) Tj = -40°C 


- 

- 

10 


*Total Turn-On Time 

*gt 




JUS 

(Source Voltage = 12 V, Rg = 6.0 k Ohms) 


- 

_ 

2.0 


(IjM = 8.2 A, Iqt = 2.0 mA, Rated V DR M> 






(Rise Time = 20 ns. Pulse Width = 1 0 jus) 



i 



Forward Voltage Application Rate 

dv/dt 




V/jus 

(Tj = 110°C) 



10 

- 



* Indicates JEDEC Registered Data 


NOTES: 

1. Ratings apply for zero or negative gate voltage. Devices shall 
not have a positive bias applied to the gate concurrently with a 
negative potential on the anode. Devices should not be tested 
with a constant current source for forward or reverse blocking 
capability such that the voltage applied exceeds the rated 
blocking voltage. 


2. Torque rating applies with use of torque washer (Shakeproof 
WD19523 or equivalent). Mounting torque in excess of 6 in. lb. 
does not appreciably lower case-to-sink thermal resistance. 
Anode lead and heatsink contact pad are common. (See 
AN-290 B) 

For soldering purposes (either terminal connection or device 
mounting), soldering temperatures shall not exceed +225°C. 
For optimum results, an activated flux (oxide removing) is 
recommended. 


CURRENT DERATING 




0 0.4 0.8 1.2 1 6 2.0 2.4 2.8 3.2 3.6 4.0 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

lT(AV), AVERAGE FORWARD CURRENT (AMP) 
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lT(AV), AVERAGE FORWARD CURRENT (AMP) 





2n6255 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. . . designed for 12.5 Volt VHF large-signal amplifier applications 
required in industrial and commercial FM equipment. 


Specified 12.5 Volt, 175 MHz Characteristics - 
Output Power = 3.0 Watts 
Minimum Gain = 7.8 dB 
Efficiency = 50% 


3.0 W-175MHz 
RF POWER 
TRANSISTOR 

NPN SILICON 



^MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

18 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

>C 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

PD 

5.0 

Watts 

Derate above 25°C 


28.5 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

* 1 ndicates JE DEC Registered Data. 

This device is designed for RF operation, 
the device is operated as an RF amplifier. 

The total device dissipation applies only when 


STYLE 1 T 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45° N0M 

45° NOM 

P 

- | 1.27 

~~ 7 1 0.050 

Q 

90° N0M 

90° NOM 

R 

2.54 | 

0.100 1 - 


All JEDEC dimensions and notesapply. 
CASE 79-02 
TO-39 
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2N6255 (continued) 



| Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Iq = 10 mAdc, I B = 0) 
Collector-Emitter Breakdown Voltage 
Oc = 5.0 mAdc, V BE = 0) 


Emitter-Base Breakdown Voltage 
(If = 1.0 mAdc, l c = 0) 


Collector Cutoff Current 

(V CE = 15 Vdc, V BE = 0, T C = 55°C) 
Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 


ON CHARACTERISTICS 

Dc Current Gain 

Oc = 250 mAdc, Vqe ~ 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 

Output Capacitance 

(V CB = 12.5 Vdc, l E = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, V CC = 12.5 Vdc, 



4.0 


“ 

Vdc 

— 

- 

5.0 

mAdc 


Collector Efficiency 
(P out = 3.0 W, V cc = 12.5 Vdc, 
f = 175MHz) 


FIGURE 1 - 175 MHz CIRCUIT 



Cl, 3 2.0-50 pF ARCO 461 ELMENCO 

C2,4 5.0-80 pF ARCO 462 ELMENCO 

C5 1000 pF FEED THRU 
C6 5.0 mF 

LI 1 TURN #18 AWG %" I.D. 

L2 2% TURNS #18 AWG %" I.D. 
RFC1 0.1 5 mH MOLDED CHOKE 

WITH BEAD ON GROUND LEG 
RFC2 0.15 /uH MOLDED CHOKE 

BEAD ISFERR0XCUBE 
56-570 65/3B 






















2N6255 (continued) 


175 MHz AMPLIFIER BLOCK DIAGRAMS 

FIGURE 8 - V CC - 12.5 VOLTS 
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2n6256 (SILICON) 


I’ht* RF Line 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for 1 2.5 Volt, VHF/UHF large signal Amplifier/Multiplier 
applications required in industrial and commercial FM equipment 
operating to 520 MHz. 

• Specified 12.5 Volt, 470 MHz Characteristics 

Power Output = 0.5 Watts 
Minimum Gain = 7.0 dB 
Efficiency = 60% 

• Characterized with series equivalent large signal 

impedance parameters 

• Driver for 2N5944 and 2N5945 UHF amplifiers 

• Capable of withstanding severe load mismatch 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

16 

Vdc 

Collector-Base Voltage 

v CBO 

36 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

>c 

0.4 

Adc 

Total Continuous Device Dissipation 

PD 

2.0 

Watts 

@ Tq = 25°C - Derate above 25°C 

11.4 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


This device is designed for RF operation. The total device dissipation rating applies only 
when the device is operated as an RF amplifier. 

* Indicates JEDEC Registered Data 


FIGURE 1 - 470 MHz TEST CIRCUIT SCHEMATIC 


1000 pF 1000 pF 

FEEDTHRU FEEDTHRU 



NOTE' Test Circuit Layout and Component 
Descriptions Shown m Figure 6 


0.5 WATT - 470 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 




DIM 

MILLIMETERS 

INCHES ] 

MIN 

MAX 

MIN 

MAX 

A 

26 800 

27 050 

1 055 

1 065 

B 

13 340 

13.600 

0 525 

0 535 

C 

2 920 

3 350 

0 115 

0 132 

D 

0 102 

0 152 

0 004 

0 006 

E 

5 590 

5.840 

0 220 

0 230 

F 

1 400 

1 650 

0 055 

0 065 

G 

7 060 

7 260 

0 278 

0 286 

H 

40° 

50° 

40° 

50° 

J 

90° TP 

90° TP 


CASE 249-01 
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2N6256 (continued) 


* ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


I Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 5.0 mAdc, l B = 0) 

bv CEO 

16 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l c = 5.0 mAdc, V BE = 0) 

bvces 

36 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 1.0 mAdc, l c = 0) 

bv EBO 

4.0 


— 

Vdc 

Collector Cutoff Current 

(V C E = 15 Vdc, V BE = 0, T A = 1 25°C) 

•ces 



5.0 

mAdc 

Collector Cutoff Current 
( V CB = 15 Vdc, l E = 0) 

•cbo 

~ 

~ 

0.5 

: 

mAdc 

ON CHARACTERISTICS 

Dc Current Gain 

(IQ = 50 mAdc, V CE = 5.0 Vdc) 

h FE 

20 

80 

200 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

_ 

6.0 

8.0 

pF 

(V C b = 12.5 Vdc, l E = 0, f = 1.0 MHz) 







FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 

(P out = 0.5 W, V cc = 1 2.5 Vdc, f = 470 MHz) 

(Figures 1, 6) 

G pe 

7.0 

9.0 

- 

dB 

Collector Efficiency 

<P 0 ut = 0.5 W, V CC = 1 2.5 Vdc, f = 470 MHz) 

(Figures 1, 6) 

V 

60 

70 

- 

% 


♦Indicates JEDEC Registered Data. 


Typical Output Power curves were measured in 
circuit shown in Figure 6. 


FIGURE 2 - OUTPUT POWER 
versus FREQUENCY 


FIGURE 3 - OUTPUT POWER 
versus INPUT POWER 



380 400 420 440 460 480 500 520 


f, FREQUENCY, (MHz) 



Pin, INPUT POWER, (mW) 
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2N6256 (continued) 


FIGURE 4 - OUTPUT POWER 
versus SUPPLY VOLTAGE 
(f = 470 MHz) 



5.0 6.0 7.0 8.0 9.0 10 11 12 13 14 15 

Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 - SERIES EQUIVALENT 
INPUT and OUTPUT IMPEDANCE 
(V C c = 12.5 Vdc, P out = 0.5 Watts) 



FIGURE 6 - 470 MHz TEST CIRCUIT LAYOUT 
(See Figure 1 for Schematic Diagram) 


+12.5 Vdc 



Cl, 2 1.0-25 pFARCO 421 OR EQUIVALENT 
C3,4 1.0-25 pF ARCO 421 OR EQUIVALENT 
LI, 2 7 TURNS #22 AWG, 0.2" I.D. 

FERRITE BEAD FERR0XCUBE 56-590-65-3B 
AS SHOWN ON LI 
FL1 DC SUPPLY FILTER 

2-1000 pF FT CAPACITOR 
1-1.0 (iF, 35 V CAPACITOR 
1-CH0KE FERROXCUBE VK200-20-4B 


CONNECTORS ARE TYPE "N” 
BOARD IS GLASS TEFLON 
3" x 5” x 0.060" 

MOUNTING PLATE IS 3" x5" x 0.75" 
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2N6256 (continued) 


FIGURE 7 - 150 MHz to 450 MHz 
TRIPLER USING 2N6256 


C11 L8 



Cl, 2, 3, 9, 10 1-7 pF ARCO 400 OR EQUIVALENT 

C6, 7 1.5-20 pF ARCO 402 OR EQUIVALENT 

C4, 5 470 pF ATC TYPE IOO-B-420-m-ms 

C8 1000 pF UNDERWOODTYPE J-101 

C11 0.47 piF TANTALUM 

C12, 14 470 pF FEED THRU 

C13 0.1 /iF CERAMIC 

R1-20 0HM 

R2, 3-160 OHM 


LI 7 TURNS 1/4" I.D. 

L2,6-4TURNS 1/8" I.D. 

L3 0.68 juH MOLDED CHOKE 
L4 5 TURNS 1/4" I.D. 

L5 6TURNS 1/8" I.D. 

L7 1/xH MOLDED CHOKE 

L8 FERROXCUBE VK200-20/4B 

FERRITE BEAD IS FERROXCUBE 56-590-65/3B 


NOTE: ALL COILS AIR CORE SPACE WOUND WITH #20 AWG WIRE 
UNLESS OTHERWISE SPECIFIED 


Figure 7 shows the 2N6256 in a 150 MHz to 450 MHz tripler 
circuit. This circuit will typically produce 85 mW at 450 MHz with 
30 mW at 150 MHz input (4.5 db gain). Collector efficiency is 
25% and all unwanted harmonics are at least 30 db down from 
the 450 MHz output level. 

It is important that each emitter lead be bypassed separately 
with a good hi-quality capacitor. The emitter resistor is likewise 
split in two with one-half on each emitter lead. 


The input network is a modified 'TEE'' consisting of Cl, C2, 
and LI, which matches the 50 Ohm input to the transistor 
impedance at‘150 MHz;this is roughly 1 8-j 20 Ohms. The combi- 
nation of L2 and C3 form a 450 MHz idler to provide a base return 
for third harmonic current. L4, C6 and L5, C7 are 150 MHz and 
300 MHz output idlers respectively. The output matching section 
is a pi network made up of L6, C9 and CIO. All coils are air core 
space-wound (turns one wire diameter apart) with #20 AWG wire. 
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2n6274 (SILICON) 

thru 

2n6277 


HIGH-POWER NPN SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifer and 
switching circuit applications. 

• High Collector Emitter Sustaining Voltage — 

VCEO(sus) = 100 Vdc (Min) - 2N6274 
= 120 Vdc (Min) - 2N6275 
= 140 Vdc (Min) - 2N6276 
= 150 Vdc (Min) - 2N6277 

• High DC Current Gain — 

hpE = 30-120 @ lc= 20 Adc 

= 10 (Min) @ lc = 50 Adc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 1-0 Vdc (Max) @ lc = 20 Adc 

• Fast Switching Times @ lc = 20 Adc 

t r = 0.35 /i s (Max) 
t s = 0.8 /is (Max 
tf = 0.25 /is (Max) 


^MAXIMUM RATINGS 


Rating 


[Collector-Base Voltage 


[Collector-Emitter Voltage 


Emitter-Base Voltage 


[Collector Current — Continuous 
Peak 


Base Current 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 2N6274 2N6275 2N6276 2N6277 Unit 


L£E_ 


IgE Q , 


--EB 


P D 


TjTstg 


- 50 - 

- 100 - 


-250- 
- 1.43- 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.7 

1 °C/W 


* Indicates JEDEC Registered Data. 



50 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

100, 120, 140, 150 VOLTS 
250 WATTS 


1 

* 

a 

hi 




/ 



B — 1 

[ 




u /. 

SEATING ^ 

PLANE 

I ^ 

K 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 
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2N6274 thru 2N6277 (continued) 

^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


| Characteristic 

j Symbol j 

Min j 

| Max | 

Unit | 

OFF CHARACTERISTICS 



Collector-Emitter Sustaining Voltage ( 1 ) 

0c = 50 mAdc, l B = 0) 

2N6274 

2N6275 

2N6276 

2N6277 

v CEO(sus) 

100 

120 

140 

150 

- 

Vdc 

Collector Cutoff Current 


*CEO 



M Adc 

(V CE = 50 Vdc, l B = 0) 

2N6274 


- 

50 


(V CE = 60 Vdc, l B = 0) 

2N6275 


- 

50 


(VcE = 70 Vdc, l B = 0) 

2N6276 


- 

50 


<V CE = 75 Vdc, l B = 0) 

2N6277 


- 

50 


Collector Cutoff Current 


! CEX 




(Vce = Rated Vq b , V EB ( 0 ff) = 1.5 Vdc) 



- 

10 

MAdc 

(Vce = Rated Vcb. V EB ( 0 ff) = 1.5 Vdc, Tq = 150°C) 



- 

1.0 

mAdc 

Emitter Cutoff Current 


'EBO 

- 

100 

MAdc 

(V BE = 6.0 Vdc, l c = 0) 







ON CHARACTERISTICS (U 


DC Current Gain 

hFE 



- 

(1C = 1.0 Adc, V CE = 40 Vdc) 


50 

- 


(1C = 20 Adc, V CE = 4.0 Vdc) 


30 

120 


(l c = 50 Adc, V CE = 4.0 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage 
(1C = 20 Adc, l B = 2.0 Adc) 

v CE(sat) 


1.0 

Vdc 

Oc = 50 Adc, l B = 10 Adc) 


- 

3.0 


Base-Emitter Saturation Voltage 
(l C = 20 Adc, l B = 2.0 Adc) 

v BE(sat) 


1.8 

Vdc 

Oc - 50 Adc, l B = 10 Adc) 



3.5 


Base-Emitter On Voltage 
(IQ = 20 Adc, V C E = 4.0 Vdc) 

v BE(on) 


1.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 1.0 Adc, V C E = 10 Vdc, f test = 10 MHz) 

*T 

30 

- 

MHz 

Output Capacitance 

(Vcb = 10 Vdc, l E = 0, f = 0.1 MHz) 

^ob 

— 

600 

PF 


SWITCHING CHARACTERISTICS 


Rise T ime 

(V C c = 80 Vdc, I C = 20 Adc, I B1 = 2.0 Adc, V BE ( off) = 5.0 Vdc) 

*r 


0.35 

MS 

Storage T ime 

(V C C = 80 Vdc, l c = 20 Adc, I B1 = l B2 = 2 0 Adc) 

t s 


0.80 

MS 

Fall Time 

(Vce = 80 Vdc, lc = 20 Adc, l B -] = l B2 = 2.0 Adc) 

tf 

- 

0.25 

MS 


* I ndicates J E DE C Registered Data. 

(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle <2.0%. 

(2) f j = lhf e I • f test . 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



Note: For information on Figures 3 and 6, Rb and Rc were 
varied to obtain desired test conditions. 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

1C. COLLECTOR CURRENT (AMP) 
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2N6274 thru 2N6277 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



Vce.CGLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic'VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) < 200°C. Tj( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

1C, COLLECTOR CURRENT (AMP) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 


2-523 



2N6274 thru 2N6277 (continued) 


FIGURE 8 - DC CURRENT GAIN 



FIGURE 10 - "ON” VOLTAGES 




Oy , TEMPERATURE COEFFICIENTS (mV/°C) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 - COLLECTOR SATURATION REGION 



FIGURE 11 - TEMPERATURE COEFFICIENTS 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 13 - BASE CUT-OFF REGION 



Vbe, BASE-EMITTER VOLTAGE (VOLTS) 






2N 


6278 thru 2N 6281 (SILICON) 


HIGH-POWER NPN SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier 
and switching circuit applications. 

• High Collector Emitter Sustaining Voltage — 

VCEO(sus) = 100 Vdc (Min) - 2N6278 
= 120 Vdc (Min) - 2N6279 
= 140 Vdc (Min) - 2N6280 
= 150 Vdc (Min) - 2N6281 

• High DC Current Gain — 

hFE = 30-120 @ lc= 20 Adc 
= 10 (Min) @ lc= 50 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1 -2 Vdc (Max) @ Iq = 20 Adc 

• Fast Switching Times @ Iq = 20 Adc 

t r = 0.35 ju s (Max) 
t s = 0.8 /is (Max) 
tf = 0.25 jus (Max) 


50 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

100,120,140,150 VOLTS 
250 WATTS 


Rating 

Symbol 

2N6278 

2N6279 

2N6280 

2N6281 

Unit 

Collector-Base Voltage 

V CB 

120 

140 

160 

180 

Vdc 

Collector-Emitter Voltage 

v CEO 

100 

120 

140 

150 

Vdc 

Emitter-Base Voltage 

Veb 

„ n 

Vdc 


Collector Current — Continuous 
Peak 

'c 

50 xt 

Adc 

100 

Base Current 

•b 


Adc 


Total Device Dissipation @ 

T C = 25° C 

Derate above 25°C 

Pd 


Watts 

W/°C 



Operating and Storage Junction 
Temperature Range 

TjTstg 

—f 65 to +200 ► 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.70 

°C/W 


•Indicates JEDEC Registered Data 





(COATED) 


DIM 

MILLIIV 

1ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

21.72 

22.23 

0.855 

0.875 

B 

18.92 

19.69 

0 745 

0 775 

C 

12 19 

13.59 

0.480 

0.535 

E 

2.29 

4 24 

0.090 

0.167 

G 

12 32 

13 08 

0.485 

0.515 

H 

_ 

2.67 

_ 

0.105 

J 

11.68 

12 57 

0 460 

0.495 

K 

23 80 

26 16 

0 937 

1.030 

L 

6.10 

6 60 

0 240 

0 260 

N 

- 

7 62 

- 

0.300 

P 

7 06 

7 92 

0 278 

0312 

Q 

1 52 

2 67 

0 060 

0 105 

S 

7 127 

7 249 

0 2806 

0 2854 

T J 

19 69 

22 23 

0 775 

0 875 


All JEDEC notes and dimensions apply. 
CASE 188 
TO-63 


2-525 





2N6278 thru 2N6281 (continued) 


♦ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max [ Unit* 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage d) 

(l C =50 mAdc, 1 B ~ 0) 

2N6278 

2N6279 

2N6280 

2N6281 

v CEO(sus) 

100 

120 

140 

150 

- 

Vdc 

Collector Cutoff Current 


'CEO 



juAdc 

(V C E = 50 Vdc, l B - 0) 

2N6278 


- 

50 


(V C E = 60 Vdc, l B = 0) 

2N6279 


- 

50 


(V CE = 70Vdc, l B = 0) 

2N6280 


- 

50 


(V C E = 75 Vdc, l B = 0) 

2N6281 


- 

50 


Collector Cutoff Current 


*CEX 




(Vce = Rated Vq B , V EB ( 0 ff) = 1.5 Vdc) 



- 

10 

juAdc 

(V CE = Rated V CB , V EB ( off , = 1.5 Vdc,T C = 150°C 



- 

1.0 

mAdc 

Emitter Cutoff Current 


'EBO 

- 

100 

juAdc 

(V BE = 6.0 Vdc, l C = 0) 







ON CHARACTERISTICS d) 


DC Current Gain 

(l C = 1.0 Adc, V CE =4.0 Vdc) 

(l C = 20 Adc, V CE = 4.0 Vdc) 

(l C = 50 Adc, V CE = 4.0 Vdc) 

h FE 




Collector-Emitter Saturation Voltage 

v CE(sat) 




(lC = 20 Adc, l B = 2.0 Adc) 


- 



(l C = 50 Adc, l B = 10 Adc) 


- 



Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 20 Adc, l B = 2.0 Adc) 


- 

1.8 


(l C = 50 Adc, l B = 10 Adc) 


- 

3.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(! C = 20 Adc, V C E = 4.0 Vdc) 


- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C - 1.0 Adc, V C E = 10 Vdc, f test = 10 MHz) 

*T 

30 

- 

MHz 

Output Capacitance 

(Vcb * 10 Vdc, l E = 0, f = 0.1 MHz) 

c ob 

“ 

600 

PF 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 80 Vdc, lc = 20 Adc, l B i = 2.0 Adc, V BE ( 0 ff) = 5.0 Vdc) 

tr 

- 

0.35 

MS 

Storage Time 

(V C c = 80 Vdc, l c = 20 Adc, I B 1 = l B 2= 2.0 Adc) 

ts 


0.80 

MS 

Fall Time 

(V C c = 80 Vdc, l C = 20 Adc, I B1 = l B2 = 2.0 Adc) 

tf 


0.25 

MS 


♦Indicates JED EC Registered Data (1) Pulse Test: Pulse Width = 300 ns, Duty Cycle * 2.0%. (2) fy = | Hf e | • f test 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

Vcc 



Note: For information on Figures 3 & 6, Rg and Rc 
were varied to obtain desired test conditions. 


FIGURE 3 - TURN ON TIME 
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2N6278 thru 2N6281 (continued) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



0 01 1 I 1 1 1 1 „ I,I I I I _l 1 — - l-IIlJ-J-l — l 1.1 I 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 


VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic'^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 
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2N 6282 thru 2n6284 NPN (SILICON) 
2n6285 thru 2N 6287 PNP 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain @ I q ~ 1 0 Adc — 

h F E =- 2400 (Typ) - 2N6282, 2N6283, 2N6284 
= 4000 (Typ) - 2N6285, 2N6286, 2N6287 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 60 Vdc (Min) - 2N6282, 2N6285 
= 80 Vdc (Min) - 2N6283, 2N6286 
- 100 Vdc (Min) - 2N6284, 2N6287 

• Monolithic Construction with Built-In Base-Emitter Shunt 

Resistors 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6282 

2N6285 

2N6283 

2IM6286 

2N6284 

2N6287 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

<c 

20 

40 

Adc 

Base Current 

•b 

0.5 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

160 

0915 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +200 

°C 


^THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.09 

°C/W 


* I ndicates J E DE C Registered Data. 



DARLINGTON 
20 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60,80, 100 VOLTS 
160 WATTS 





DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

— 

22 23 

- 

0 875 

C 

6 35 

11 43 

0 250 

0 450 

D 

0.97 

1 09 

0 038 

0 043 

E 

- 

3 43 

- 

0 135 

F 

29 90 

30 40 

1 177 

1 197 

G 

10 67 

11 18 

0 420 

0 440 

H 

521 

5 72 

0.205 

0 225 

J 

16.64 

17 15 

0 655 

0 675 

K 

7 92 

— 

0312 

- 

Q 

3 84 

4 09 

0 151 

0 161 

s 

- 

13 34 

_ 

0 525 

T 


4.78 

- 

0 188 


All JEDEC dimensions and notes apply 

CASE 1-03 
(TO-3) 
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2N6282, 2N6283, 2N6284 IMPIM, (continued) 
2IM6285, 2IM6286, 2N6287 PIMP 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


v CEO(sus) 



Vdc 

(l c = 0.1 Adc, l B = 0) 

2N6282, 2 N 6285 


60 

- 



2N6283, 2N6286 


80 

- 



2N6284, 2N6287 


100 

- 


Collector Cutoff Current 


•CEO 

■ 



(V C e = 30 Vdc, l B = 0) 

2N6282, 2N6285 


1 

1.0 

■ | 

(V CE = 40 Vdc, 1 0 = 0) 

2N6283, 2 N 6286 


■ 

1.0 

|| 

(V ce = 50 Vdc, 1 e = 0) 

2N6284, 2N6287 



1.0 

|^P| 

Collector Cutoff Current 


*CEX 

MM 



(V CE - Rated V CB , V BE(off ) = 1.5 Vdc) 



.. ‘ ' : w 


|| 

(V CE = Rated V CB , V BE(off) = 1 .5 Vdc, T C = 150°C) 



|| 


m m 

Emitter Cutoff Current 


'ebo 

- 

2.0 

mAdc 

(V BE = 5.0Vdc, l c = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
(1C = 10 Adc, V CE = 3.0 Vdc) 

(IQ = 20 Adc, V CE = 3.0 Vdc) 

h FE 

750 

100 

18,000 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(1C = 10 Adc, l B = 40 mAdc) 


- 

2.0 


(l C = 20 Adc, l B = 200 mAdc) 


- 

3.0 


Base-Emitter On Voltage 

v BE(on) 

- 

2.8 

Vdc 

(l C = 10 Adc, V C e = 3.0 Vdc) 


J 



Base-Emitter Saturation Voltage 

VBE(sat) 

1 

4.0 

Vdc 

OC = 20 Adc, l B = 200 mAdc) 






DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal Short-Circuit 

Forward Current Transfer Ratio 
(l C = 10 Adc, V CE = 3.0 Vdc, f = 1 .0 MHz) 

m 




Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 0.1 MHz) 2N6282, 83, 84 

2N6285, 86, 87 

M 

- 

400 

600 


Small-Signal Current Gain 

OC = 10 Adc, V C E = 3.0 Vdc, f = 1.0 kHz) 

HI 


- 

- 


* Indicates JEDEC Registered Data. 

( 1 ) Pulse test: Pulse Width = 300 ms, Duty Cycle = 2% 


FIGURE 2 -SWITCHING TIMES TEST CIRCUIT 



For NPN test circuit reverse diode and voltage polarities. 


FIGURE 3 - SWITCHING TIMES 
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2N6282, 2N6283, 2N6284 NPN, (continued) 
2N6285, 2N6286, 2N6287 PNP 


FIGURE 4 - THERMAL RESPONSE 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2 0 3.0 5 0 10 20 30 50 100 200 300 500 1000 


t, TIME (ms) 

ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 5 - 2N6282, 2N6285 FIGURE 6 - 2N6283, 2N6286 FIGURE 7 - 2N6284, 2N6287 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) VQE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe 
operating area curves indicate Iq — Vqe limits of the transistor that must be observed for reliable operation, i.e. the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figures 5, 6 and 7 is based onTj( p | < ) = 200°C; Tq is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) <C 200°C. Tj(pk) may be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. (See AN-415). 


FIGURE 8- SMALL-SIGNAL CURRENT GAIN FIGURE 9 - CAPACITANCE 



f, FREQUENCY (kHz) Vr, REVERSE VOLTAGE (VOLTS) 


2-531 




V, VOLTAGE (VOLTS) VQE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 








Ic, COLLECTOR CU RRENT OuA) d\j , TEMPERATURE COEFFICIENTS (mV/°C) 


2N6282, 2N6283, 2N6284 NPN, (continued) 
2N6285, 2N6286, 2N6287 PNP 


NPN 

2N6282, 2N6283, 2N6284 


PNP 

2N6285, 2N6286, 2N6287 


FIGURE 13 -TEMPERATURE COEFFICIENTS 



FIGURE 14 -COLLECTOR CUTOFF REGION 



FIGURE 15 - DARLINGTON SCHEMATIC 
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2n6294,2n6295 NPN (SILICON) 
2n6296,2n6297 PNP 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier, low-speed switching and 
hammer driver applications. 

• High DC Current Gain — 

hFE = 3000 (Typ) @ Iq = 2.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 2.0 Vdc (Max) @ l C = 2.0 Adc 

• Collector-Emitter Sustaining Voltage 

VCEO(sus) = 60 Vdc (Min) - 2N6294, 2N6296 
= 80 Vdc (Min) - 2N6295, 2N6297 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


4 AMPERES 
DARLINGTON 
COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 80 VOLTS 
50 WATTS 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N6294 

2N6296 

2N6295 

2N6297 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

•c 

4.0 

8.0 

Adc 

Base Current 

•b 

80 

mAdc 

Total Device Dissipation @Tq = 25°C 
Derate above 25° C 

Pd 

50 

0.286 


Operating and Storage Junction, 
Temperature Range 

T J' T stg 

-65 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

3.5 

°C/W 


•Indicates JEDEC Registered Data 





SEATING PLANE 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



HM 







BHB 


IBM 

fiTETil 

mm\ 

mm 



imi 

IlfcLitW 

3I3JH 




IHIKEM 

n| 





pm 



gjEgj 


■31 




nwnl 

mm 



Iifcikijl 

(iWitia 

mm 


EBEM 

IilLt/il 

mwiiiii 




IifcMM 

hi 



WEM 

H 


^iHi 

EB 

mxm 

rata 

tiWIM 

B 


EM 

aai 

MkMi» 





mm 

S3 




HWiWlM 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 
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2N6294, 2N6295, 2N6296, 2N6297 (continued) 


*E LECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
{ 1 C = 50 mAdc, l B =0) 

2N6294, 2N6296 
2N6295, 2N6297 

v CEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C E = 30 Vdc, l B = 0) 

2N6294, 2N6296 


- 

0.5 


(V CE =40 Vdc, l B = 0) 

2N6295, 2N6297 


- 

0.5 


Collector Cutoff Current 


'CEX 



mAdc 

(V CE = Rated V CB ,V EB ( 0 ff) = 1.5 Vdc) 

2N6294, 2N6295 


- 

0.5 


(Vce = Rated Vc B .V BE ( 0 ff) = 1.5 Vdc) 

2N6296, 2N6297 


- 

0.5 


(Vce = Rated Vc B .V EB ( 0 ffi = 1.5 Vdc, 

2N6294, 2N6295 


- 

5.0 


T C = 1 50° C) 






(Vce = Rated Vc B ,V BE ( 0 ff) = 1.5 Vdc, 

2N6296, 2N6297 


- 

5.0 


T c = 1 50° C) 






Emitter Cutoff Current 


'EBO 

- 

2.0 

mAdc 

(V BE = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain 

(l C = 2.0 Adc, V CE = 3.0 Vdc) 

(l C = 4.0 Adc, V CE = 3.0 Vdc) 

h F E 

750 

100 

18000 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(1C ~ 2.0 Adc, l B = 8.0 mAdc) 


- 

2.0 


(l C = 4.0 Adc, l B = 40 mAdc) 


- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

_ 

4.0 

Vdc 

(Iq = 4.0 Adc, l B = 40 mAdc) 





Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 2.0 Adc, V CE = 3.0 Vdc) 


- 

2.8 



DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal 

Short-Circuit Forward Current Transfer Ratio 
(l C = 1.5 Adc, V CE = 3.0 Vdc, f = 1.0 MHz) 

1 Hf e 1 

4.0 

- 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 2N6294, 2N6295 

2N6296, 2N6297 

^ob 

- 

120 

200 

pF 

Small-Signal Current Gain 

(l C = 1.5 Adc, V CE = 3.0 Vdc, f = 1.0 kHz) 

hfe 

300 

- 

- 


♦Indicates JEDEC Registered Data 


FIGURE 2 - SWITCHING TIMES TEST 
CIRCUIT 


RB & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


V CC 
-30 V 


V 2 

approx _ 
+8.0 V ' 


Vi 

approx _ 
-12 V 



for td and t r> 0) is disconnected 
and V 2 = 0 


t r , tf < 10 ns 
DUTY CYCLE = 1.0% 


For NPN test circuit, reverse all polarities. 


FIGURE 3 - SWITCHING TIMES 
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2N6294, 2N6295, 2N6296, 2N6297 (continued) 


FIGURE 4 - THERMAL RESPONSE 




FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


— j— IUU 




- ■] Tj = 200°C -f H I -f—T- 

bonding wire limited 

THERMALLY LIMITED @ Tc = 25° 

(SINGLE PULSE) j 

SECOND BREAKDOWN LIMITED 

= =CURVES APPLY BEL0W3 = — 
IZZ RATED BVCEO 

~~ 1 1 1 ft 2N6294, 2N6296 

1 2N6295, 2N6297 


2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vq|= limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tjfpk) = 200; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k) ^ 200. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415). 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 


Tj = 25° C 

VcE * 3.0 V 

: ic = 1.5A nz 


I - - - 2N6294, 2N6295 (NPN)I 
I 2N6296, 2N6297 (PNP)I 


4.0 6.0 10 20 40 60 100 200 400 600 1000 2000 4000 

f, FREQUENCY (kHz) 


-- 2N 6294, 2N 6295 (NPN)I 
— 2N6296, 2N6297 (PNPjf 


0.1 0.2 0.5 1.0 2.0 5.0 10 2 

Vr, REVERSE VOLTAGE (VOLTS) 










2N6294, 2N6295, 2N6296, 2N6297 (continued) 


NPN 

2N6294, 2N6295 


PNP 

2N6296, 2N6297 


FIGURE 8 - DC CURRENT GAIN 


0.1 0.2 0.4 0.6 1.0 2.0 4.0 

1C, COLLECTOR CURRENT (AMP) 


igs 

BBS! 

■■■i 

mss 

■RIMMI 

mm 

uumv 

= 

| 

B 

m 

8 

■ 

■ 

■ 

sss 

■ii 

■■1 

HI 

B 


G 


■HI 

■HP 

lira 

idwmm 

■ 

■ 

■ 

RSSSSiS 

■hhihh 

s 

HK 

1 

HI 

j!j§§§ 

■ ■■>" iMTi 

s 

| 

| 

1!! 

!!■ 

rnmmmm 

a 

| 

| 

■■■■ 

BBS 

^■h^h 

■■^HHH 

f*m wmm 

Bam 

E 

■ 


s 

s 

■ 

■ 

■■■■■■ 

inn 

a 

H 

s 

■u 

■■■ 

Sib 

ns 

■ 

3 

■ 

■Hill 

■■■■■■ 

n 

5 

m 

■ 


4lli 

in 

1 

8 

■ 

■ 

1 


i 

■■ 

II 

■ 

■ 




0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 

1C, COLLECTOR CURRENT (AMP) 



FIGURE 9 - COLLECTOR SATURATION REGION 

— rrrrn- 1 i — 3.0 i r 


0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IB, BASE CURRENT (mA) 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

l B , BASE CURRENT (mA) 


1.8 — U Tj = 25°C 

— — I — I — I — I— J — 



FIGURE 10 - "ON" VOLTAGES 

t — i rm 2.0 1 | r- 




S ~VBE(sat)@IC/lB = 2 50"- 
> . n _VbE@Vce = 3.0V 


" VcE(sat) @ »C/lB = 250T 




0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

1C, COLLECTOR CURRENT (AMP) 


l. U -j 

1.8 Tj = 25°C - 

— HH-H — 


g 14 -VBE(sat)@IC/lB = 250 y 

< 12 V B E@VCE = 3.0 V 

□ / 

0 8 VcE(sat) @ IC/>B = 250 

0.6 1 1 

0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

1C. COLLECTOR CURRENT (AMP) 





Ic, COLLECTOR CURRENT (juA) 6\j, TEMPERATURE COEFFICIENT (mV/°C) 


2N6294, 2N6295, 2N6296, 2N6297 (continued) 


NPN 

21M6294, 2N6295 


PNP 

2N6296, 2N6297 


FIGURE 11 - TEMPERATURE COEFFICIENTS 


‘Applies for Iq/Ib < hFE/2 


‘Applies for lr/lR< hFF/2 


*0VC. VcE(sat) . 


f— |-55°C to 25°C , 

-25°C to 150°C ^ H -T - 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 


IC, COLLECTOR CURRENT (AMP) 


0.04 0.06 0.1 0.2 0.4 0.6 1.0 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUTOFF REGION 




0.6 -0.4 -0.2 0 +0.2 +0.4 +0.6 +0.8 +1.0 +1.2 +1.4 

VBE, BASE-EMITTER VOLTAGE (VOLTS) 


+0.6 +0.4 +0.2 0 -0.2 -0.4 -0.6 -0.8 - 

VBE, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - DARLINGTON SCHEMATICS 




■6298 


thru 2N 


6301 


(SILICON) 


For Specifications, See 2N6053 Data. 


■6303 


(SILICON) 


For Specifications, See 2N3719 Data, Volume I. 
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2n6304 (SILICON) 
2n6305 


The RF Line 


NPN SILICON RF SMALL-SIGNAL TRANSISTORS 


. . . designed primarily for use in broadband amplifiers to 1.0 GHz, 
including MATV applications. Also useful as a low-noise, high-gain, 
general purpose UHF small-signal amplifier. 


High Current-Gain — Bandwidth Product — 
fj = 1400 MHz (Min) @ \q = 10 mAdc 

Low Noise Figure — 

NF = 4.5 dB (Max) @ f = 450 MHz 


High Power Gain — 

G pe = 15 dB (Min) @ f = 450 MHz 


* MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

1 .0 to 20 mAdc 

v CEO 

15 

Vdc 

Collector-Base Voltage 

v CBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.5 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 

Total Continuous Device Dissipation @T^ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

* Indicates JE DEC Registered Data 





HIGH-GAIN, LOW NOISE 
SMALL-SIGNAL 
UHF TRANSISTORS 




PIN 1 EMITTER 1 1— D 

2 BASE 

3 COLLECTOR 

4 CASE 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

0 

0.41 

0.53 

0.016 

0.021 

E 

- 

0.76 

- 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 

IP 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45°BSC 

45° 

BSC 

N 

1.27 BSC 

0.050 BSC 

P 

- i 1.27 

- 1 0.050 


ALL JEDEC dimensions and notes apply 
CASE 20-03 
TO-72 
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2N6304, 2N6305 (continued) 


^ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Iq = 5.0 mAdc, l B = 0) 

BV CEO 

15 

_ 

- 

Vdc 

Collector-Base Breakdown Voltage 

Oc = 0.1 mAdc, l E =0) 

bvcbo 

30 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(lE =0.1 mAdc, l C =0) 

bv EBO 

3.5 

- 

_ 

Vdc 

Collector Cutoff Current 
(V CB =5.0 Vdc, l E =0) 

>CBO 

- 

- 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 2.0 mAdc, V CE = 5.0 Vdc) 

h FE 

25 

- 

250 

- 

DYNAMIC CHARACTERISTICS 

Current-Gam— Bandwidth Product 2N6304 

(lC = 10 mAdc, V c E = 5 .0 Vdc, f ^100 MHz) 2N6305 

it 

1400 

1200 

_ 

2400 

2400 

MHz 

Collector-Base Capacitance 
(V C B = 10 Vdc, l E = 0,f = 1 .0 MHz) 

Ccb 

0.1 

0.8 

1.0 

PF 

Small-Signal Current Gain 
(l c = 2.0 mAdc, V CE = 5.0 Vdc, f = 1 .0 kHz) 

hfe 

25 

“ 

250 

' 

Collector-Base Time Constant 2N6304 

(l E = 2.0 mAdc, V CB = 5.0 Vdc, f = 31.8 MHz) 2N6305 

r b 

2.0 

2.0 

- 

12 

15 

ps 

Noise Figure 

Oc = 2.0 mAdc, Vqe = 0.0 Vdc, Rg = 50 ohms, 

f= 450 MHz) 2 N 6304 

(Figure 1) 2N6305 

NF 



4.5 

5.5 

dB 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 

OC = 2.0 mAdc, V CE - 5.0 Vdc, f = 450 MHz) 2N6304 

(Figure 1) 2N6305 

Ope 

15 

12 

I 

: 

dB 


‘Indicates JEDEC Registered Data 


FIGURE 1 - TEST CIRCUIT FOR NOISE 
FIGURE AND POWER GAIN 



LI, L2 - Silver-plated brass rod, 1-1/2" long and 1/4" dia. Install 
at least 1/2" from nearest vertical chassis surface. 

L3 - 1/2 turn #16 AWG wire, located 1/4" from and 
parallel to L2. 

* - External interlead shield to isplate collector lead from 
emitter and base leads. 

Neutralization Procedure: 

(A) Connect 450-MHz signal generator (with Rs = 50 ohms) 
to input terminals of amplifier. 

(B) Connect 50-ohm R F voltmeter across output terminals 
of amplifier. 

(C) Apply Vee. and with signal generator adjusted for 5 mV 
output from amplifier, tune Cl, C3, and C4 for 
maximum output. 

(D) Interchange connections to signal generator and 
RF voltmeter. 

(E) With sufficient signal applied to output terminals of 
amplifier, adjust C2 for minimum indication at input. 

(F) Repeat steps (A), (B), and (C) to determine if retuning 
is necessary. 
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fT, CURRENT GAIN - BAND WIDTH 

yfe, FORWARD TRANSFER ADMITTANCE (mmhos) Yre, REVERSE TRANSFER ADMITTANCE (mmhos) PRODUCT (MHz) 


2N6304, 2N6305 (continued) 


FIGURE 2 - CURRENT GAIN-BANDWIDTH 
PRODUCT versus COLLECTOR CURRENT 



FIGURE 4 - REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 



100 150 200 300 400 500 600 800 1000 

f, FREQUENCY (MHz) 


FIGURE 6 - OUTPUT ADMITTANCE 
versus FREQUENCY 



f, FREQUENCY (MHz) 


FIGURE 3 - COLLECTOR-BASE TIME 
CONSTANT versus EMITTER CURRENT 



lE, EMITTER CURRENT (mAdc) 


FIGURE 5 - INPUT ADMITTANCE 
versus FREQUENCY 



FIGURE 7 - FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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2N6304, 2N6305 (continued) 


FIGURE 13 -Si 
OUTPUT 


,, INPUT REFLECTION COEFFICIENT AND S 2 2. 
REFLECTION COEFFICIENT 







(SILICON) 


2n6306 

2n6307 

2n6308 


HIGH VOLTAGE NPN SILICON POWER 
TRANSISTORS 

. . . designed for high voltage inverters, switching regulators and line- 
operated amplifier applications. Especially well suited for switching 
power supply applications in associated consumer products. 

• High Collector-Base Voltage — 

V C B = 500 Vdc - 2N6306 
= 600 Vdc - 2N6307 
= 700 Vdc - 2N6308 

• Excellent DC Current Gain @ lc = 3.0 Adc 

h FE - 15 - 75 — 2N6306, 2N6307 
= 12 -60- 2N6308 

• Low Collector-Emitter Saturation Voltage @ lc = 3.0 Adc 

VcE(sat) = 0.8 Vdc (Max) - 2N6306 
= 1.0 Vdc (Max) - 2N6307 
= 1.5 Vdc (Max) - 2N6308 

• Current Gain Bandwidth Product — 

f T = 5.0 MHz (Min) @ Iq = 0.3 Adc 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6306 

2N6307 

2N6308 

Unit 

Collector-Base Voltage 

V CB 

500 

600 

700 

Vdc 

Collector-Emitter Voltage 

v CEO 

250 

300 

350 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 ► 

Vdc 

Collector Current — Continuous 

Peak 

*C 

8.0 ► 

16 

Adc 

Base Current 

'B 

4.0 ► 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

» 125 m 

0.714 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

65 to +200 ► 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 jc 

1.4 

°C/W 


’Indicates JE DEC Registered Data. 



8 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-300-350 VOLTS 
125 WATTS 




FT 

B -j 



\ 1 1 





^ /J 

SEATING 1 

T 

1 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 


1.550 

B 

- 

22.23 

- 

0.875 

C 

6.35 

11.43 

0.250 

0.450 

D 

0.97 

1.09 

0.038 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 



5.21 

5.72 

0.205 

0.225 

j 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


NOTE. 

1. DIM "Q" IS DIA. 
CASE 11-03 
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2N6306, 2N6307, 2N6308 (continued) 

*ELEC.TRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

f Characteristic i Symbol 1 Min 1 Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 


v CEO(sus) 



Vdc 

<l c = lOOmAdc, l B = 0) 

2N6306 


250 

- 



2N6307 


300 

- 



2N6308 


350 

- 


Collector Cutoff Current 


'CEO 



mAdc 

(Vce = Rated VcEO- 'B = 



- 

0.5 


Collector Cutoff Current 


'CEX 



mAdc 

(V CE = 500 Vdc, V EB ( off) - 1.5 Vdc) 

2N6306 


- 

0.5 


(V CE = 600 Vdc, V EB ( 0 f f ) = 1.5 Vdc) 

2N6307 


- 

0.5 


(V C E = 700 Vdc, V EB(of f) = 1.5 Vdc) 

2N6308 


- 

0.5 


(Vce = 450 Vdc, V EB(off ) = 1.5 Vdc, 
T C =150°C) 

2N6306 


— 

2.5 


(Vce = 550 Vdc, V EB ( 0 ff) = 1.5 Vdc, 
T C =150°C) 

2N6307 



2.5 


(Vce = 650 Vdc, V EB ( 0 ff) = 1 5 Vdc, 
T C =150°C) 

2N6308 


— 

2.5 


Emitter Cutoff Current 


'EBO 



mAdc 

(V BE = 8.0 Vdc, l C = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain(1) 

( 1 C " 3 0 Adc, V C E = 5 0 Vdc) 

(l C = 8.0 Adc, V C E = 5.0 Vdc) 

2N6306, 2N6307 
2N6308 

2N6306, 2N6307 
2N6308 

h FE 

15 

12 

4.0 

3.0 

75 

60 


Collector-Emitter Saturation Voltage (1) 


VcE(sat) 



Vdc 

(l c = 3.0 Adc, l B = 0.6 Adc) 

2N6306 


- 

0.8 



2N6307 


- 

1.0 



2N6308 


- 

1.5 


(lC = 8 0 Adc, l B = 2 0 Adc) 

2N6306, 2N6307 


- 

5.0 


(1C = 8.0 Adc, l B = 2.67 Adc) 

2N6308 


- 

5.0 


Base-Emitter Saturation Voltage (1) 


v BE(sat) 



Vdc 

(l c = 8.0 Adc, l B = 2.0 Adc) 

2N6306, 2N6307 


— 

2.3 


(l C = 8.0 Adc, l B = 2.67 Adc) 

2 N 6308 


- 

2.5 


Base-Emitter On Voltage (1) 


v BE(on) 



Vdc 

(l c "= 3 0 Adc, V C E = 5.0 Vdc) 

2N6306, 2IM6307 


- 

1.3 



2N6308 


- 

1.5 


Second Breakdown Energy (Figure 2) 


E s/b 



mJ 

('C(PK) “ 3.0 Adc, L = 40 mH, R BE - 

3 ku, V BB2 = l/5 Vdc) 


- 

180 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(l C = 0 3 Adc, V C E = 10 Vdc, f test = 1 0 MHz) 

fT 

5.0 


MHz 

Output Capacitance 

(V C B = 10 Vdc, l E - 0, f = 0.1 MHz) 

Cob 

_ 

250 

pF 


SWITCHING CHARACTERISTICS 


Rise T ime 

(V C c = I 25 Vdc, l c - 3.0 Adc, l B = 0.6 Adc) 

tr 

_ 

0.6 

MS 

Storage Time (3) 

is 



MS 

(V C c = 125 Vdc, l c - 3.0 Adc, l 81 = 0 6 Adc, l B2 = 1.5 Adc) 





Pulse Width = 25 ns 


- 

1 6 


Pulse Width = 5.0ms 


- 

08 


Fall T ime 

tf 



MS 

(V C c = 125 Vdc, l c = 3 0 Adc, I B1 = 0.6 Adc, l B2 = 1.5 Adc) 


- 

0.4 



(1) Pulse Test Pulse Width ^300 ms. Duty Cycle = 2 0% 


(2) f T = | hf e | • f test 

(3) "On" time is 25 Ms t s decreases with shorter pulse widths, being approximately 50% of the values shown at a 5 0 ms pulse width 
* I ndicates JE DEC Registered Data. 

FIGURE 2 - SECOND BREAKDOWN ENERGY TEST CIRCUIT AND WAVEFORMS 




Note A ! Input pulse width is increased until iC(PK) = 3 0 A 
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2N6306, 2N6307, 2N6308 (continued) 


FIGURE 3 - THERMAL RESPONSE 



t. TIME (ms) 


FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 



7 1 11 I I I I | 1 I 111111 ^IMOJUO I 1 ri I I 

5.0 7.0 10 20 30 50 70 100 200 300 500 


Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 5 - SWITCHING TIMES TEST CIRCUIT 



t r , tf < 10 ns Rb & RC ARE VARIED TO OBTAIN 

D1-1N3879 DESIRED TEST CONDITIONS. Di 

COLLECTOR-BASE JUNCTION OMITTED AND V2 REDUCED TO 

5.0 V FOR td and t r MEASUREMENTS 


There are two limitations on the power handling ability of a 
transistor- average junction temperature and second breakdown. 
Safe operating area curves indicate Ic’VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based on Tj^p^) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjfp^) ^200°C. Tj( p k) may be 
calculated from the data in Figure 3. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 



1C, COLLECTOR CURRENT (AMP) 
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2N 6315 thru 2 n6318 

For Specifications, See 2N5871 Data. 
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2n6338 (SILICON) 

thru 

2n6341 


HIGH-POWER NPN SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 100 Vdc {Min) " 2N6338 
= 120 Vdc (Min) - 2N6339 
= 140 Vdc (Min) - 2N6340 
= 150 Vdc (Min) - 2N6341 

• High DC Current Gain - 

hFE = 30-120 @ lc = 10 Adc 
= 12 (Min) @ lc = 25 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = TO Vdc (Max) @ lc = 10 Adc 

• Fast Switching Times @ lc = 10 Adc 

t r = 0.3 /us (Max) 
t s = 1.0/us (Max) 
tf = 0.25 /us (Max) 

• Hard Solder Construction 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6338 2N6339 2N6340 2N6341 

Unit 

Collector-Base Voltage 

< 

o 

CD 

120 140 160 180 

Vdc 

Collector-Emitter Voltage 

v CEO 

100 120 140 150 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 ► 

Vdc 

Collector Current — Continuous 

Peak 

•c 

25 ► 

50 

Adc 

Base Current 

•b 

10 ► 

Adc 

Total Device Dissipation@Tc - 25°C 
Derate above 25°C 

Pd 

200 

1.14 » 

Watts 

w/°c 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

0.875 

°C/W 


* I ndicates JE DEC Registered Data 


FIGURE 1 - POWER DERATING 



TC, CASE TEMPERATURE (°C) 
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2N6338 thru 2N6341 (continued) 


"ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted) 

j~ Characteristic [ Symbol j Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ( 1 > 

(1C = 50 mAdc, l B = 0) 

2N6338 

2N6339 

2N6340 

2N6341 

VcEO(sus) 

100 

120 

140 

150 

- 

Vdc 

Collector Cutoff Current 


'CEO 



MAdc 

(V C E = 50 Vdc, 1 g = 0) 

2N6338 


- 

50 


(V C E = 60Vdc, l B = 0) 

2N6339 


- 

50 


(V C £ = 70 Vdc, l B = 0) 

2N6340 


- 

50 


(V CE = 75 Vdc, I b = 0! 

2N6341 


- 

50 


Collector Cutoff Current 


'CEX 




(Vce = Rated Vqeo- VEB(off) = 1-5 Vdc) 



- 

10 

MAdc 

(Vce = Rated VceO* v EB(off) = 15 Vdc, Tq = 150°C) 



- 

1.0 

mAdc 

Collector Cutoff Current 


*CBO 

_ 

10 

MAdc 

<V CB = Rated V CB , l E = 0) 






Emitter Cutoff Current 


'EBO 

- 

100 

MAdc 

<V BE = 6 0 Vdc, l c = 0) 







ON CHARACTERISTICS (D 


DC Current Gain 

(l c = 0.5 Adc, Vce = 2.0 Vdc) 

<I C = 10 Adc, Vce = 2.0 Vdc) 

(l C = 25 Adc, V CE = 2.0 Vdc) 

h FE 

50 

30 

12 

120 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

<I C = 1 0 Adc, 1 B = 1.0 Adc) 


- 

1.0 


0c = 25 Adc, l B = 2.5 Adc) 


- 

1.8 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l c = 10 Adc, l B = 1.0 Adc) 


- 

1 8 


(l c = 25 Adc, l B - 2.5 Adc) 


- 

2.5 


Base-Emitter On Voltage 

v BE(on) 

- 

1 8 

Vdc 

(l c = 10 Adc, Vce =2.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l C = 1.0 Adc, V C E = 10 Vdc - 'test = '0 MHz) 

'T 

40 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0 1 MHz) 

Cob 


300 

PF 


SWITCHING CHARACTERISTICS 


Rise T ime 

(Vcc 80 Vdc, lc = 10 Adc, I B1 = 1.0 Adc, V BE(off ) - 6.0 Vdc) 

t r 


0.3 

MS 

Storage Time 

(VCC * 80 Vdc, lc = 10 Adc, l B i = 1 B 2 = 1.0 Adc) 

,s 

" 

1.0 

MS 

Fall Time 

(Vcc ^ 80 Vdc, 'C= 10 Adc, I B1 = l B2 = 1.0 Adc) 

if 


0 25 

MS 


* Indicates JE DEC Registered Data 

(1) Pulse Test Pulse Width < 300 ms, Duty Cycle <2 0% 

(2) fj = lhf e I • f test . 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT FIGURE 3 - TURN-ON TIME 


10 — ►- 

+11 V 

0 

-9.0 V 


t r , tf < 10 ns 
Duty Cycle = 1.0% 


vcc 



Note: For information on Figures 3 and 6, Rb and Rc were 
varied to obtain desired test conditions. 



In, COLLECTOR CURRENT (AMP) 



2N6338 thru 2N634 1 (continued) 


FIGURE 4 - THERMAL RESPONSE 



0.5 0.7 1.0 2.0 3.0 5.0 


0.1 0.2 0.5 1.0 2.0 5.0 10 2 


1C, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 













Ic, COLLECTOR CURRENT (mA) V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


2N6338 thru 2N6341 (continued) 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMP) 



0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 

IB, BASE CURRENT (AMP) 


FIGURE 10 - "ON” VOLTAGES 


FIGURE 11 - TEMPERATURE COEFFICIENTS 
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mm 


VCE(sat) @ IC/lB = 10 
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1C, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT OFF REGION 


FIGURE 13 - BASE CUT-OFF REGION 
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2n6342 (SILICON) 

thru 


2n6349 


P IT'"' O 

HI 



W 

“5c 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• Blocking Voltage to 800 Volts 

• All Diffused and Glass Passivated Junctions for Greater 

Parameter Uniformity and Stability 

• Small, Rugged, Thermowatt Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two Modes (2N6342, 2N6343, 

2N6344, 2N6345) or Four Modes (2N6346, 2N6347, 2N6348, 
2N6349) 

• For 400 Hz Operation, Consult Factory 

• 1 2 Ampere Devices Available as 2N6342A thru 2N6349A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

* Repetitive Peak Off-State Voltage, Note 1 
(Tj = -40 to +100°C) 

Vi Sine Wave 50 to 60 Hz, Gate Open 

2N6>342, 2N6346 

2N6343, 2N6347 

2N6344, 2N6348 

2N6345, 2N6349 

V DRM 

200 

400 

600 

800 

Volts 

‘Peak Gate Voltage 

V GM 

10 

Volts 

*On-State Current RMS (T C = +80°C) 

Full Cycle Sine Wave 50 to 60 Hz (T c - +90°C) 

'T(RMS) 

8.0 

4.0 

Amp 

‘Peak Non-Repetitive Surge Current 
(One Full Cycle, 60 Hz, Tj = +80°C) 
preceded and followed by 10 Rated Current 

'tsm 

100 

Amp 

Circuit Fusing Considerations 
(Tj = -40 to +100°C, t = 1 0 to 8.3 ms) 

|2 t 

40 

A2s 

‘Peak Gate Power (Tc = +80°C, Pulse Width -20 fjs) 

P GM 

20 

Watts 

‘Average Gate Power (Tq = +80°C, t = 8 3 ms) 

P G(AV) 

05 

Watt 

‘Peak Gate Current 

>GM 

20 

Amp 

‘Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

‘Storage Temperature Range 

T stg 

-40 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

* Thermal Resistance, Junction to Case 

r Ajc 

2.2 

°C/W 


* Indicates JE DEC Registered Data 


TRIACS 

(THYRISTORS) 

8 AMPERES RMS 
200-800 VOLTS 



SEATING 

k PLANE 


Vr 

II" 

1 M 

A 

t 

T 

“N * 


1 3 

K 

1 

1 SEC 

J 

-4 


. MT 1 -** 

JUj 


ri 




2. MT 2 

3. Gate 

4. Mounting Tab Comi 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

14.23 

15.87 

0.560 

0.625 

B 

9.66 

10.66 

0.380 

0.420 

C 

3.56 

4.82 

0.140 

0.190 

D 

0.51 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

G 

2.29 

2.79 

0.090 

0.110 

H 

_ 

6.35 


0.250 

J 

0.31 

1.14 

0.012 

0.045 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.77 

0.045 

0 070 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0 100 

0.120 

R 

2.04 

2.92 

0.080 

0.115 

S 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0 270 


CASE 221-02 
TO 220 AB 

All JEDEC dimensions and notes apply 
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2N6342 thru 2N6349 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25° unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*Peak Blocking Current (Either Direction) 

•drm 

- 

- 

2.0 

mA 

Rated Vqr(\/i@Tj= 100°C, Gate Open 






*Peak On-State Voltage (Either Direction) 

V TM 

- 

1.3 

1.55 

Volts 

1 JM = 1 1 A Peak; Pulse Width = 1 .0 to 2.0 ms. Duty Cycle<2.0 % 






Peak Gate T rigger Current 

'GTM 




mA 

Main Terminal Voltage = 12 Vdc, R[_ = 100 Ohms 

Minimum Gate Pulse Width = 2.0 ms 






MT2 (+), G(+) All Types 


- 

6.0 

50 


MT2 (+), G(-) 2N6346 thru 2N6349 


- 

6.0 

75 


MT2 (-), G(-) All Types 


- 

10 

50 


MT2 (-), G(+) 2N6346 thru 2N6349 


- 

25 

75 


*MT2 (+), G(+); MT2 (-), G(-) T c = -40°C All Types 


- 

- 

100 


*MT2 (+), G(-); MT2 (-), G(+) T c = -40°C 2N6346 thru 2N6349 


- 

- 

125 


Peak Gate Trigger Voltage 

Vgtm 




Volts 

Main Terminal Voltage = 12 Vdc, R[_ = 100 Ohms 

Minimum Gate Pulse Width = 2.0 ms 






MT2 (+), G(+) All Types 


- 

0.9 

2.0 


MT2 (+), G(-) 2N6346 thru 2N6349 


- 

0.9 

2.5 


MT2 (-), G(-) All Types 


- 

1.1 

2.0 


MT2 (-), G(+) 2N6346 thru 2N6349 


- 

1.4 

2.5 


*MT2 (+), G(+); MT2 (-), G(-) T c = -40°C All Types 


- 

- 

2.5 


*MT2 (+), G(-); MT2 (-), G(+) T c = -40°C 2N6346 thru 2N6349 


- 

- 

3.0 


Main Terminal Voltage = Rated Vqr|\/|, R[_ = 10 k ohms, Tj = 100°C 
*MT2 (+), G(+); MT2 (-), G(-) All Types 


0.2 




*MT2 (+), G(-); MT2 (-), G(-) 2N6346 thru 2N6349 


0.2 

- 

- 


Holding Current (Either Direction) 

«H 




mA 

Main Terminal Voltage = 12 Vdc, Gate Open, i T C = 25°C 


- 

6.0 

40 


Initiating Current = 200 mA j Tq = -40°C 


- 

- 

75* 


*T urn-On Time 

tgt 

- 

1.5 

2.0 

MS 

Rated V DRM , l TM = 11 A, 

Iqt = 120 mA, Rise Time = 0.1 ms. 

Pulse Width = 2.0 ms 






Critical Rate of Rise of Commutation Voltage 

dv/dt 

- 

5.0 


V/ms 

Rated Vdrm> <TM = 1 1 A, 

Commutating di/dt = 4.3 A/ms, 

Gate Unenergized, Tc =80°C 







* I ndicates JEDEC Registered Data 


NOTES: 

1. Ratings apply for open gate conditions. Thyristor devices shall not be tested with a constant current source for blocking capability such 
that the voltage applied exceeds the rated blocking voltage. 


G (-) 


QUADRANT DEFINITIONS 


Trigger devices are recommended for gating on Triacs. They provide: 


MT2(+) 


QUADRANT II 

QUADRANT ! 

MT2( + ), G (-) 

MT2( + ), G( + ) 

QUADRANT III 

QUADRANT IV 

MT2I-), G(-) 

MT2(-), G(+) 


1 . Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and reliable operation. 


ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 


USAGE 

General 

Lamp Dimmer 

PART NUMBER 

MBS4991 

MBS4992 

MBS100 

v s 

> 

o 

1 

o 

to 

7.5 -9.0 V 

3.0 - 5.0 V 

's 

350 m A Max 

120 mA Max 

100 -400 m A 

Vsi - V S 2 

0.5 V Max 

0.2 V Max 

0.35 V Max 

Temperature 

Coefficient 

0.02%/°C Typ 


See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 


MT2(-) 
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r(t), TRANSIENT THERMAL RESISTANCE i T , INSTANTANEOUS ON-STATE CURRENT (AMP) 

(NORMALIZED) 


2N6342 thru 2N6349 (continued) 



0.4 0.8 1.2 1.6 2.0 2 4 2.8 3 2 3 6 40 4 4 

vj, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 


FIGURE 8 - TYPICAL HOLDING CURRENT 



FIGURE 9 - MAXIMUM NON-REPETITI VE SURGE CURRENT 



FIGURE 10 - THERMAL RESPONSE 
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2n6342A (SILICON) 

thru 

2n6349A 




MT'' O 



SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• Blocking Voltage to 800 Volts 

• All Diffused and Glass Passivated Junctions for Greater Parameter 

Uniformity and Stability 

• Small, Rugged, Thermowatt Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two Modes (2N6342A, 2N6343A, 

2N6344A, 2N6345A) or Four Modes (2N6346A, 2N6347A, 
2N6348A, 2N6349A) 

• For 400 Hz Operation, Consult Factory 

• 8 Ampere Devices Available as 2N6342 thru 2N6349 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

* Repetitive Peak Off-State Voltage, Note 1 

V DRM 


Volts 

(Tj = -40 to +110°C) 




V* Sine Wave 50 to 60 Hz, Gate Open 




2N6342A, 2N6346A 


200 


2N6343A, 2N6347A 


400 


2N6344A, 2N6348A 


600 


2N6345A, 2N6349A 


800 


‘Peak Gate Voltage 

V GM 

10 

Volts 

‘On-State Current RMS (Tq = +80°C) 

'T(RMS) 

12 

Amp 

Full Cycle Sine Wave 50 to 60 Hz (Tq = +95°C) 


6.0 


‘Peak Surge Current 

•tsm 

120 

Amp 

(One Full Cycle, 60 Hz,T c = +80°C) 




preceded and followed by rated current 




Circuit Fusing Considerations 

|2 t 

40 

a2 s 

(Tj = -40 to +1 1 0°C, t = 1.0 to 8.3 ms) 




‘Peak Gate Power (Tq = +80°C, Pulse Width = 2.0^s 

p GM 

20 

Watts 

* Average Gate Power (Tq = +80°C, t = 8.3 ms) 

P G(AV) 

0.5 

Watt 

*Peak Gate Current 

*GM 

2.0 

Amp 

‘Operating Junction Temperature Range 

Tj 

-40 to +110 

°C 

‘Storage Temperature Range 

T stg 

-40 to +150 

°C 


THERMAL CHARACTERISTIC 


Characteristic 

Symbol 

Max 

Unit 

‘Thermal Resistance, Junction to Case 

R0 JC 

2.0 

°C/W 


* Indicates JED EC Registered Data. 


TRIACS 

(THYRISTORS) 

12 AMPERES RMS 
200 - 800 VOLTS 



SEATING 



4. Mounting Tab Common to MT 2 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

14.23 

15.87 

0.560 

0.625 

B 

9.66 

10.66 

0.380 

0.420 

C 

3.56 

4.82 

0.140 

0.190 

D 

0.51 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

G 

2.29 

2 79 

0.090 

0.110 

H 

_ 

6.35 

- 

0.250 

J 

0.31 

1.14 

0.012 

0.045 

K 

12.70 

14.27 ! 

0.500 

0.562 

L 

1.14 

1.77 

0.045 

0.070 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.92 

0.080 

0.115 

S 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0.270 


CASE 221-02 
TO 220 AB 


All JEDEC dimensions and notes apply 
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2N6342A thru 2N6349A (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25° unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*Peak Blocking Current (Either Direction) 

•drm 

_ 

_ 

2.0 

mA 

Rated Vqri\/| @ Tj = 1 10°C, Gate Open 






*Peak On-State Voltage (Either Direction) 

VtM 

- 

1.3 

1.75 

Volts 

•TM = 17 A Peak; Pulse Width = 1 .0 to 2.0 ms. Duty CycleS2.0 % 






Peak Gate Trigger Current 

•gtm 




mA 

Main Terminal Voltage = 12 Vdc, R[_ = 100 Ohms 

Minimum Gate Pulse Width - 2.0 ms 






MT2 (+), G(+) All Types 


- 

6.0 

50 


MT2 (+), G(-) 2N6346A thru 2N6349A 


— 

6.0 

75 


MT2 (-), G(-) All Types 


— 

10 

50 


MT2 (-), G( + ) 2N6346A thru 2N6349A 


- 

25 

75 


*MT2 (+), G(+); MT2 (-), G(-) T c = -40°C All Types 


- 

- 

100 


*MT2 (+), G(-); MT2 (-), G(+) T c = -40°C 2N6346A thru 2N6349A 


- 

- 

125 


Peak Gate Trigger Voltage 

V GTM 




Volts 

Main Terminal Voltage " 12 Vdc, R[_ = 100 Ohms 

Minimum Gate Pulse Width = 2.0 ms 






MT2 ( + ), G(+) All Types 


- 

0.9 

2.0 


MT2 (+), G(-) 2N 6346A thru 2N6349A 


- 

0.9 

2.5 


MT2 (-), G(-) All Types 


- 

1.1 

2.0 


MT2 (-), G(+) 2N6346A thru 2N6349A 


- 

1.4 

2.5 


*MT2 (+), G( + ); MT2 (-), G(-) T c = -40°C All Types 


- 

- 

2.5 


*MT2 (+), G(-); MT2 (-), G(+) T c - -40°C 2N6346A thru 2N6349A 


- 

- 

3.0 


Main Terminal Voltage = Rated Vqrm, R[_ = 10 k ohms, Tj = 1 10°C 
*MT2 (+), G(+); MT2 (-), G(-) All Types 


0.2 




*MT2 (+), G(-); MT2 (-), G{+) 2N6346A thru 2N6349A 


0.2 

- 

- 


Holding Current (Either Direction) 

'H 




mA 

Main Terminal Voltage =12 Vdc, Gate Open, 1 Tc = 25°C 


- 

6.0 

40 


Initiating Current = 200 mA f Tp = -40°C 


- 

- 

75* 


*Turn-On Time 

tgt 

_ 

1.5 

2.0 

MS 

Rated V DRM , Ijm = 17A 






Iqj = 120 mA, RiseTime = 0.1 ms. 

Pulse Width = 2.0 ms 






Critical Rate of Rise of Commutation Voltage 

dv/dt 

_ 

5.0 

_ 

V/m s 

Rated Vq r^, l-j-|y| = 17A, Commutating 






di/dt = 6.5 A/ms, Gate Unenergized 

T c = 80°C 







* I nd icates JE DEC Registered Data 


NOTES: 

1 . Ratings apply for open gate conditions Thyristor devices shall not be tested with a constant current source for blocking capability such 
that the voltage applied exceeds the rated block ing voltage. 


QUADRANT DEFINITIONS 
MT2(+) 


QUADRANT II 

QUADRANT 1 

MT2(+), G (-) 

MT2( + ), G ( + ) 

QUADRANT III 

QUADRANT IV 

MT2(-), G(-) 

MT2(-), G( + ) 


MT2(~) 


Trigger devices are recommended for gating on T riacs. They provide: 

1. Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and reliable operation. 


ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 


USAGE 

General 

Lamp Dimmer 

PART NUMBER 

MBS4991 

MBS4992 

MBS 100 

v S 

6.0 - 10 V 

7.5 - 9.0 V 

3.0 - 5.0 V 

•s 

350 m A Max 

120 mA Max 

100 - 400 mA 

V S1 _ V S2 

0.5 V Max 

0.2 V Max 

0.35 V Max 

Temperatu re 
Coefficient 

0.02%/°C Typ 


See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 
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2N6342A thru 2N6349A (continued) 


FIGURE 1 - AVERAGE CURRENT DERATING 



lT(AV), AVERAGE ON-STATE CURRENT (AMP) 


FIGURE 3 - ON-STATE POWER DISSIPATION 



lT(AV). AVERAGE ON-STATE CURRENT (AMP) 



Tj, JUNCTION TEMPERATURE (°C) 


IGTM . GATE TRIGGER CURRENT (NORMALIZED) PaV, AVERAGE POWER (WATTS) Tc, CASE TEMPERATURE (°C) 


FIGURE 2 - RMS CURRENT DERATING 




0 2.0 4.0 6.0 8.0 10 12 14 


IT(RMS), RMS ON-STATE CURRENT (AMP) 


FIGURE 6 - TYPICAL GATE TRIGGER 
CURRENT 
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2N6342A thru 2N6349A (continued) 


FIGURE 7 - MAXIMUM ON-STATE CHARACTERISTICS 
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FIGURE 10 - THERMAL RESPONSE 





2n6365, 2n6365A (GERMANIUM) 



^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage (1) 

v CEO 

10 

Vdc 

Collector-Base Voltage 

VCB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

1.0 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 

Total Power Dissipation @ = 25°C 

P D 

150 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 

Tj» T st g 

-65 to +100 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 
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2N6365, 2N6365A (continued) 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic | Sy 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BN 

(l C = 200MAdc, V BE = 0) 


Collector-Base Breakdown Voltage 
(l C = lOO^Adc, l E = 0) 

Emitter-Base Breakdown Voltage 
(l E = 100 juAdc, l C = 0) 


Collector Cutoff Current 
(V CB = 15 Vdc, l E = 0) 

Emitter Cutoff Current 
(V BE = 0.5 Vdc, l C = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

(l C = 1-OmAdc, V CE = 6.0 Vdc) 2N6365 
2N6365A 

Base-Emitter Saturation Voltage 

(l C = 10mAdc, l B = I.OmAdc) 2N6365 


Typ Max Unit 


















2n6366 (SILICON) 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 

. . . designed for operation in driver and predriver stages for high 
power linear amplifiers, 2.0 to 30 MHz. 

• Optimized for Operation from a 12.5 Volt Supply 

• Power Gain @ 2.5 W (PEP) = 17 dB (Min) 

• Intermodulation Distortion at Rated Power Output 

IMD = -35 dB (Max) 


2.5 W (PEP)-30 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

‘Collector-Emitter Voltage 

v CEO 

18 

Vdc 

‘Collector-Base Voltage 

v CBO 

36 

Vdc 

* Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

* Collector Current — Continuous 

•c 

1.0 

Adc 

‘Total Device Dissipation @ Tq = 25°C 

P D 

10 

Watts 

Derate above 25°C 


57.2 

mW/°C 

‘Storage Temperature Range 

T stg 

-65 to +200 

°C 

Maximum Stud Torque (1) 

- 

2.1 

in.-lb. 

* Indicates JEDEC Registered Data. 




(1) For repeated assembly use 1.8 in-lb maximum. 





II 




PIN 1 EMITTER 

2. BASE 

3. COLLECTOR 


7TT 






s L_ ^6-32 UNC-2A 
(COATED) 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

10.49 

11.00 

0.413 

0.433 

B 

TT 

rw 

0.362 

0.375 

C 

5.33 

5.72 

0.210 

0.225 

D 

0.406 

0.533 

0.016 

0.021 

i r -1 

1.65 

1.78 

0.065 

0.070 

— n 

0.406 

0.483 

0.016 

0.019 

G 

2.54 

BSC 

0.10 

BSC 

H 

0.508 

0.889 

0.020 

0.035 

J 

6.73 

7.42 

0.265 

0.292 

K 

12.70 

- 

0.500 

- 

nr -1 

6.35 

_ 1 

0.250 

- 

N 

1.27 

BSC 

0.05C 

I BSC 

P 

- 

1.27 

- 

0.050 

R 

8.89 

9.14 

0.350 

0.360 

S 

4.45 

4.83 

0.175 

0.190 

T 

4.11 

4.29 

0.162 

0.169 

U 

1.14 

1.52 

0.045 

0.060 


CASE 24 
TO-102 


2-563 




2N6366 (continued) 


* ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l c = 50 mAdc, l B = 0) 

BVCEO 

18 

_ 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C =50 mAdc, V BE = 0) 

BVceS 

36 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E =0.25 mAdc, l c = 0) 

BV E BO 

4.0 

- 

Vdc 

Collector Cutoff Current 

<V CE = 15 Vdc, V BE = 0, T a = 125°C) 

<CES 

- 

5.0 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l C = 250 mAdc, V CE = 5.0 Vdc) 

h FE 

5.0 

50 

— 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(l c = 150 mAdc, V CE = 12.5 Vdc, f = 50 MHz) 

*T 

50 

- 

MHz 

Output Capacitance 
(V CB = 12.5 Vdc, l E = 0, f = 1.0 MHz) 

C 0 b 

I 

20 

PF 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(V CC = 12.5 Vdc, P out =2.5 W (PEP), ^ = 30 MHz, f 2 = 30,001 MHz) 

GpE 

17 

- 

dB 

Collector Efficiency 

(V C c = 12.5 Vdc, P out = 2.5 W (PEP), = 30 MHz,f 2 = 30,001 MHz) 

T] 

38.5 

- 

% 

Intermodulation Distortion 

(V C C = 12-5 Vdc, P out = 2.5 W (PEP), f 1 = 30 MHz, f 2 = 30,001 MHz) 

IMD 

- 

-35 

dB 


* Indicates JED EC Registered Data 


FIGURE 1 - 30 MHz TEST CIRCUIT 


50 n 

2 W L3 



LI 0.1 juH Molded Choke 
L2 0.15 mH Molded Choke 
L3 FerriteChoke, FERROXCUBE 
VK200 01-03B or equivalent 
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2N6366 (continued) 


FIGURE 2 - LINEAR OUTPUT POWER versus FREQUENCY FIGURE 3 - OUTPUT POWER versus INPUT POWER (30 MH?' 




FIGURE 4 - OUTPUT POWER versus INPUT POWER (12 MHz) 
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/ 









/ 

veer 

12.5 V 

dc 






/ 

/ 

ICQ = 1b mA 

TWO TONE TEST: 





/ 

/ 


f= 12 

, 12.00 

MHz 





/ 









z 











CL. 

co 3.0 

< 

5 



0 4.0 8.0 12 16 20 



Pin, INPUT POWER (mW-PEP) 


Pjn, INPUT POWER (mW-PEP) 


FIGURE 6 - INTERMODULATION DISTORTION 
versus OUTPUT POWER 


FIGURE 7 - LINEAR OUTPUT POWER 
versus SUPPLY VOLTAGE 



0 1.0 2.0 3.0 4.0 


Pout, RF OUTPUT POWER (WATTS^PEP) 



8.0 10 12 14 16 

Vec, SUPPLY VOLTAGE (VOLTS) 
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Rout, PARALLEL EQUIVALENT OUTPUT Rin, PARALLEL EQUIVALENT INPUT 


2N6366 (continued) 



FIGURE 10 - PARALLEL EQUIVALENT 
OUTPUT RESISTANCE 



f. FREQUENCY (MHz) 



1C, COLLECTOR CURRENT (mA) 


C ou t, PARALLEL EQUIVALENT OUTPUT Cj n , PARALLEL EQUIVALENT INPUT 

1C, COLLECTOR CURRENT (mAdc) CAPACITANCE (pF) CAPACITANCE (pF) 


FIGURE 9 - PARALLEL EQUIVALENT INPUT CAPACITANCE 
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FIGURE 11 - PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE 
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800 
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FIGURE 13 - COLLECTOR CURRENT versus 
BASE-EMITTER VOLTAGE 



0.65 0.70 0.75 0.80 0.85 0.90 

VbE, BASE-EMITTER VOLTAGE (VOLTS) 
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2n6367 (SILICON) 


Tire RF Line 


NPN SILICON RF POWER TRANSISTOR 


9 W (PEP) -30 MHz 

RF POWER 
TRANSISTOR 


. designed primarily for driver applications in 12.5 volt single- 
sideband amplifiers from 2.0 to 30 MHz. 

• Optimized for Operation from a 12:5 Volt Supply 

• Power Output @ 1 2.5 Vdc, 30 MHz - 9.0 W (PEP) 

• Intermodulation Distortion at Rated Power Output — 

IMD = -30dB (Max) 


NPN SILICON 


^MAXIMUM RATINGS 



Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous : 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Storage Temperature Range 
*1 ndicates JEDEC Registered Data. 


TYPICAL DRIVER. APPLICATION 
2-30 MHz WIDE BAND AMPLIFIER 



D- y STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. EMITTER ' 

4. COLLECTOR 



0.160 W(PEP) — ►] 2N6367 


I MILLIMETERS INCHES 
DIM MIN T MAX MIN MAX 
A 24 64 24.89 0.970 0.980 

B“TT47 9.73 0.373 0 383 

C 6.07 7.14 0.239 0.281 

D 5.59 5.84 0.220 0.230 

E 2.16 2.67 0.085 0.105 

F 0.10 0.15 0.004 0.006 

G 18.29 18.54 0.720 0.730 

H 21 59 22.10 0.850 0.870 

_ J 3.12 3.23 0.123 0.127 

K 10.80 11.05 0.425 0.435 

L 6.22 ~ 6.48 ~ 0.245 0.255 

M 40° 50° 40° 50° 

N 3.81 j 4,57 0,150 0.180 

~ ll~l 2.97 3.12 0.117 0.123 
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2N6367 (continued) 


^ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic ] 

Symbol 

Min 

Max 

Unit I 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Iq = 50 mAdc, l B = 0) 

BV CEO 

18 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(l c = 50 mAdc, V BE = 0) 

BV C ES 

36 

” 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 5.0 mAdc, Iq = 0) 

bv ebo 

4.0 


Vdc 

Collector Cutoff Current 
(V C E = 15 Vdc, V BE = 0, T C = 55°C) 

>CES 

" 

10 


ON CHARACTERISTICS 

DC Current Gain 

OC = 500 mAdc, V C E = 5.0 Vdc) 

hFE 

5.0 

50 

~ 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 500 mAdc, V CE = 12.5 Vdc, f = 50 MHz) 

fT 

50 

- 

MHz 

Output Capacitance 

(V CB = 12.5 Vdc, l E = 0, f = 1.0 MHz) 

Cob 


90 

PF 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
( V CC = 12.5 Vdc, P out = 9.0 W(PEP), lc(max) = 1 -0 Adc, 
f -1 = 30 MHz, f 2 = 30.001 MHz) 

GpE 

14 


dB 

Collector Efficiency 

( V CC = 1 2.5 Vdc, P out = 9-0 W(PEP), l C (max) = 1 -0 Adc, 
f -| = 30 MHz, f 2 = 30.001 MHz) 

V 

36 


% 

Intermodulation Distortion 

(V CC = 12.5 Vdc, P out = 9.0 W(PEP), lc(max) = 1-0 Adc, 
f 1 = 30 MHz, f 2 = 30.001 MHz) 

IMD 



dB 


*1 ndicates JEDEC Registered Data 


FIGURE 1 - 30 MHz TEST CIRCUIT 



Cl, C3 

25-280 pF, ARCO 464 OR EQUIVALENT 

L2 

5 TURNS #18 AWG, 1/4" ID, 5/16" LONG (0.13 juH) 

C2, C4 

170-780 pF, ARCO 469 OR EQUIVALENT 

L3 

3.3 /iH 

C5, C7.C9 

0.1 (if 

L4 

1.0 mH 

C6 

500 mF TANTALUM 

L5 

FERR0XCU8E VK 200 20/4B 

C8 

680 pF FEED THRU 

R1 

10 OHMS 

LI 

3 TURNS #18 AWG, 1/4" ID, 1/4" LONG (60 nH) 

R2 

50 OHMS 


ADJUST BIAS FOR ICQ = 35 mA WITH NO RF SIGNAL APPLIED 
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IMD, INTERMODULATION DISTORTION (dB) P 0u t, OUTPUT POWER W(PEP) Pout, OUTPUT POWER W(PEP) 


2N6367 (continued) 


FIGURE 2 - LINEAR OUTPUT POWER versus FREQUENCY 



3.0 5.0 7.0 10 20 30 


f, FREQUENCY (MHz) 


FIGURE 4 - OUTPUT POWER versus INPUT POWER 



Pin, INPUT POWER mW(PEP) 


FIGURE 6 - INTERMODULATION DISTORTION 
versus OUTPUT POWER 



Pout. RF OUTPUT POWER W(PEP) 


FIGURE 3 - OUTPUT POWER versus INPUT POWER 
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FIGURE 5 - OUTPUT POWER versus INPUT POWER 


lb 

n i 

Vcc = 12.5 Vdc 
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Pin, INPUT POWER mW(PEP) 


FIGURE 7 - LINEAR OUTPUT POWER versus 
SUPPLY VOLTAGE 



8.0 9.0 10 11 12 13 14 15 16 


Vcc, SUPPLY VOLTAGE (VOLTS) 
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2N6367 (continued) 



3.0 4.0 5.0 7.0 10 20 30 

f, FREQUENCY (MHz) 


FIGURE 9 - PARALLEL EQUIVALENT INPUT CAPACITANCE 




7.0 10 

f, FREQUENCY (MHz) 


FIGURE 1 1 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
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FIGURE 13- COLLECTOR CURRENT versus BASE- 
EMITTER VOLTAGE 



0.65 0.70 0.75 0.80 0.85 0.90 

V B E, BASE-EMITTER VOLTAGE (VOLTS) 
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Ic, COLLECTOR CURRENT (AMP) C 0 b, OUTPUT CAPACITANCE (pF) 


2N6367 (continued) 


FIGURE 14 - OUTPUT CAPACITANCE FIGURE 15 - INPUT CAPACITANCE 




FIGURE 16 - DC SAFE OPERATING AREA 



FIGURE 17 - RF POWER DISSIPATION 






2n6368 (SILICON) 


Tlxe RF Line 


40 W (PEP) -30 MHz 


NPN SILICON RF POWER TRANSISTOR 


RF POWER 
TRANSISTOR 

NPN SILICON 


. . . designed primarily for applications as a high-power linear ampli- 
fier from 2.0 to 30 MHz. 


• Optimized for Operation from a 12.5 Volt Supply 

• Power Output @ 12.5 Vdc, 30 MHz = 40 W (PEP) 

• Power Gain @ 30 MHz = 10 dB (Min) 

• Intermodulation Distortion at Rated Power Output - 

IMD = -30 dB (Max) 

• Isothermal-Resistor Design Results in Rugged Device 



MAXIMUM RATINGS 


Indicates JEDEC Registered Data 


'<V /? 



S PIN 1 EMITTER 

2 BASE 

3 EMITTER 

4 COLLECTOR 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

20 

Vdc 

Collector-Base Voltage 

v CBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

4 0 

Vdc 

Collector Current — Continuous 

>C 

8.0 

Adc 

Total Device Dissipation @,Tc = 25°C 

PD 

140 

Watts 

Derate above 25°C 


0.8 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

24.64 

24.89 

0 970 

0.980 

B 

11.81 

12 07 

0.465 

0.475 

C 

5 82 

6.73 

0.229 

0 265 

D 

2.16 

3.94 

0.085 

0.155 

E 

2.13 

2 54 

0.084 

0.100 

F 

0.10 

0 15 

0.004 

0.006 

G 

18 29 

18.54 

0.720 

0.730 

H 

35.56 

38.10 

1.400 

1 500 

J 

3.12 

3.23 

0.123 

0.127 

K 

17.78 

19 05 

0 700 

0.750 

L 

6.22 

6.48 

0.245 

' 0.255 

M 

40° 

50° 

40° I 

50° 

N 

3.66 

4.32 

0 144 

0 170 

Q 

2 97 

312 

0 117 

0.123 


CASE 211-02 




2N6368 (continued) 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Col lector- Emitter Breakdown Voltage 
(Iq “ lOOmAdc, l B = 0) 


20 

_ 

__ 

Vdc 

Collector-Emitter Breakdown Voltage 
(l C = lOOmAdc, V BE = O) 

bvqes 

40 

_ 

_ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, lc = 0) 

bv eb0 

4,0 

- 

_ 

Vdc 

Collector Cutoff Current 

(V C E = 12.5 Vdc, V BE = O, T C * +55°C) 

>CES 

- 

- 

10 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 1.0 Adc, V CE = 5.0 Vdc) 

h F E 

10 

20 

_ 

- 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 

(l C = 0.5 Adc. V C E - 12.5 Vdc, f = 50 MHz) 

*T 

50 

110 

_ 

MHz 

Output Capacitance 

(V CB = 12.5 Vdc, l E = 0, f = 1.0 MHz) 

Cob 

_ 

300 

400 

pF 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 

(Pout = 40 W (PEP), l C » 4.7 Adc Max, V CC = 12.5 Vdc, 

Iqq = 50 mAdc, f ^ = 30 MHz, f 2 = 30.001 MHz) 

GpE 

10 

11.2 


dB 

Intermodulation Distortion Ratio (Figure 1) 

(P out = 40 W (PEP), l c = 4.7 Adc Max, V CC = 12.5 Vdc. 

I C Q = 50 mAdc, fj = 30 MHz, f 2 = 30.001 MHz) 

IMD 


-35 

-30 

dB 

Collector Efficiency (Figure 1) 

< p out = 40 W (PEP), l c = 4.7 Adc Max, V cc = 12.5 Vdc, 

« CQ = 50 mAdc, f ^ = 30 MHz, f 2 = 30.001 MHz) 

V 

34 

40 

_ 

% 


•Indicates JEDEC Registered Data. 


FIGURE 1 - 30 MHz TEST CIRCUIT 


vbb 



/is 

l C5 7 

x ^C6 ^ 

_ 

? 



L5 


r t 

- M Jc 


VCC 


r 


r c3 


C4 




RF 

OUTPUT 


Cl 80-480 pFARCO 466 
C2,C3,C4 170-780 pFARCO 469 

C5,C8 0.01 /iF 

C6 500 mF 
C7 1000 pF UNELC0 

LI 2 1/4 Turns #18 AWG, 1/4" I.D., 1/4" Long (35 nH) 

L2 7 Turns, #20 AWG Enameled, Close Wound, 1/4" I.D., (0.2 mH) 
L3 3 Turns, #14 AWG, 1/4" I.D., 1/4" Long (45 nH) 

L4 IOmHRFC 

L5 RF Choke Ferroxcube VK200-20-4B 

Rl 10 Ohms, Wirewound, 1 W (0,25 mH Inductance) 
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IMD, INTERMODULATION DISTORTION (dB) Pout- OUTPUT POWER (WATTS PEP) P out> OUTPUT POWER (WATTS PEP) 


2N6368 (continued) 



3.0 5.0 7.0 10 20 30 

f, FREQUENCY (MHz) 



Pin, INPUT POWER (WATTS PEP) 


FIGURE 6 - INTERMODULATION DISTORTION versus 
OUTPUT POWER 



Pout, OUTPUT POWER (WATTS PEP) p out, OUTPUT POWER (WATTS PEP) Pout, OUTPUT POWER (WATTS PEP) 


FIGURE 3 - OUTPUT POWER versus INPUT POWER 



Pin, INPUT POWER (WATTS PEP) 


FIGURE 5 - OUTPUT POWER versus INPUT POWER 



FIGURE 7 - LINEAR OUTPUT POWER versus 
SUPPLY VOLTAGE 
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2N6368 (continued) 


FIGURE 8 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 


FIGURE 9 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 



3.0 4.0 5.0 7.0 10 20 30 

f, FREQUENCY (MHz) 



FIGURE 10 - PARALLEL EQUIVALENT OUTPUT 
RESISTANCE versus FREQUENCY 


FIGURE 11 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 




FIGURE 12 - CURRENT-GAIN - BANDWIDTH PRODUCT 



FIGURE 13 - COLLECTOR CURRENT versus 
BASE EMITTER VOLTAGE 
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2N6368 (continued) 



2.0 3.0 4.0 5.0 7.0 10 20 

VCB- COLLECTOR-BASE VOLTAGE (VOLTS) 



0.4 0.6 0.8 1 0 2.0 3.0 4.0 

VcB, COLLECTOR-BASE VOLTAGE (VOLTS) 



1.0 2.0 3.0 5.0 10 20 30 50 100 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Tc, CASE TEMPERATURE (°C) 


APPLICATIONS INFORMATION 


The 2N6368 transistor is designed for linear power amplifier oper- 
ation in the HF region (2 to 30 MHz). It features guaranteed 
linear amplifier performance rather than the conventional perform- 
ance demonstrated in a class C* amplifier. 

Class C operation is inherently non-linear, but in many power 
amplifier applications non-linear operation does not present major 
problems. With a single frequency driving signal, the only spurious 
signals generated are harmonics and these can be supressed in the 
amplifier tuned networks and output filter. 

For single sideband (SSB), low level amplitude modulation (AM), 
and other types of complex signals, class C operation is generally 
not satisfactory. For instance, when a signal contains multiple 
frequencies at close spacings, odd-order non-linearities will gener- 
ate spurious outputs which are within the passband of the tuned 
circuits and filters; therefore, the spurious outputs are not sup- 
pressed before they reach the antenna or other load. As a result. 


"Class C", as used here refers to operation with the no signal con- 
ditions Iq = 0, and V0g = 0, and a theoretical conduction angle 
of less than 180 °, even though the actual conduction angle may 
be more than 180 °. 


such complex signals require linear amplification if the amplified 
signal is to be free of spurious outputs. 

A detailed analysis of spurious signals generated by non-linear- 
ities and linearity requirements of various applications is described 
in Chapter 12 of Reference 1. 

The following discussion concerns itself with a detailed descrip- 
tion of the 2N6368 characterization curves and general informa- 
tion on solid-state linear power amplifier design. 


The Two-Tone Test 

The 2N6368 functional test specifications consists of a linear 
power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion (IMD) output levels. A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. 

The two-tone test is one of many methods commonly used for 
testing linear amplifier performance. This test involves driving the 
amplifier with two RF signals, of equal amplitude, separated in 
frequency from each other by approximately 1 kHz. 
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2N6368 (continued) 


APPLICATIONS INFORMATION (continued) 


When a two-tone test signal consisting of frequencies f-j and f 2 
is passed through a non-linear amplifier, odd order non-linearities 
generate spurious signals near the desired carrier. The level of these 
spurious signals provides a measure of the degree of non-linearity 
of the amplifier. This type of non-linearity is called intermodulation 
distortion (IMD). The spurious signals generated by IMD are fur- 
ther classified according to the exponential order of the amplifier 
non-linearity, i.e., 3rd order IMD products, 5th order IMD products, 
etc. The 3rd and 5th order IMD products are usually the most 
significant encountered with linear power amplifiers. Data on both 
3rd and 5th order IMD are included in the 2N6368 characteri- 
zation. 

Third order IMD generates spurious signals near the operating 
frequency at frequencies 2f t — f2 and 2f2 — f i ; and 5th order IMD 
spurious are at frequencies 3f-| — 2f2 and 3f2 — 2f-|. 

Specifications and Characterization 

The two-tone functional amplifier test is performed in a manner 
identical to the conventional class C functional test with two excep- 
tions: a two-frequency signal is used in place of a single frequency, 
and amplifier linearity is added to the items tested and specified. 

The functional test procedure for the 2N6368 require driving 
the test amplifier with a two-frequency signal and measuring power 
output, gain, efficiency, and linearity. 

Power output, gain and efficiency measurement methods are 
the same for both linear and class C amplifier. 

Since a multiple frequency test signal has an instantaneous 
power level which varies with time, power levels are normally ex- 
pressed in peak envelope power (PEP). This is the average power 
level of the envelope at its greatest amplitude point. 

When the test signal consists of multiple signals with equal 
amplitudes and different frequencies, the relationship of average 
power and PEP is given by the following expression: 

PEP 

Average power = 

where N = the number of input frequencies. 

Therefore, when measuring the power level of a standard two- 
tone test signal, a true average reading power meter will indicate 
1/2 the PEP of the signal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order IMD products. The ratio of one of the 3rd order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibels (dB). This is repeated for the 5th order products. 
The smaller of these two ratios (usually the 3rd order) is then 
included in the electrical characteristics specifications as intermod- 
ulation distortion ratio (IMD). 

2N6368 Performance Curves 

Figures 2 through 5 show typical power output and gain char- 
acteristics versus frequency and/or input power. These curves are 
similar to those found on other RF power transistor data sheets 
with one exception, a two-frequency test signal was used rather 
than a single frequency signal. 

The curves shown in Figure 6 are unique to transistors charac- 
terized for linear power amplifier service and show the typical 
IMD levels versus power output. 

The 2N6368 features guaranteed IMD performance at the -30 
dB level. However, the designer may desire IMD greater or less 
than -30 dB for a particular application. Figure 6 provides data 
on IMD levels that can be expected as a function of output power. 


Figure 7 reflects the power output that can be obtained at a 
fixed IMD ratio for operation with dc supply voltages other than 
12.5 Vdc. 

Figures 8 through 1 1 show the large signal impedance charac- 
teristics of the 2N6368. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a single frequency signal. 

It must be stressed that the data shown in Figures 8 through 1 1 
do not represent y, z, h, s, or any standard two-port parameter set. 
The actual transistor impedance levels during normal operation in 
a power amplifier are given. For a detailed discussion of RF power 
transistor large signal impedance, see Reference 2. 

Linear Amplifier Design 

The following is a discussion of some general design considera- 
tions for solid-state linear power amplifiers. While this is not a 
detailed analysis of linear amplifier design, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the 
introduction, class C operation usually involves a collector dc supply 
as the only bias voltage with Vg = Vg = 0. The collector current 
is zero until the input RF signal turns the transistor ''on.'' 

In contrast, a linear amplifier is normally operated with forward 
bias and some collector current flowing when no signal is present. 

The magnitude of no-signal collector current and the bias cir- 
cuitry may vary with the application. Optimum no-signal collector 
current for the 2N6368 was found to be approximately 50 mA. 

The key to bias circuitry for good linearity lies in maintaining 
the base-emitter dc voltage relatively constant as the RF signal 
amplitude varies. The inherent nature of a forward -biased RF 
power transistor is to bias itself "off” with increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 

Temperature effects also complicate the situation, since Vgg 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward-biased diode mounted on the transistor heat sink for ther- 
mal coupling to the transistor. A sample of this technique is shown 
in the test circuit of Figure 1. The reader is referred to reference 
3 for a detailed description of the operation of this bias circuit. 
It is also possible to use complex active circuitry for biasing, and 
some rather exotic schemes have been developed to provide the 
same results. 

Another important consideration is the collector-output net- 
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity than a network with high har- 
monic impedances; therefore, some experimentation with network 
configuration is in order. Proper impedance matching remains the 
primary factor in both input and output network design. Further, 
it must also be stressed that the collector load impedance should 
be designed for the PEP, not the average power output. See Chapter 
13 of Reference 1 for a detailed discussion of network design con- 
siderations. 

Feedback may also be employed to improve linearity and may 
take the form of either neutralization or negative RF feedback. 
The possibilities here are limited only by the designer's imagina- 
tion. Of course, negative RF feedback involves a decrease in gain 
to improve linearity. 


REFERENCES 

1. Pappenfus, Bruene, Schoenike, "Single Sideband Principles and 
Circuits”, McGraw-Hill. 

2. Hejhall, "Systemizing RF Power Amplifier Design", Motorola 
Semiconductor Products Inc., Application Note AN-282A. 

3. Hejhall, "Solid-State Linear Power Amplifier Design," Motorola 
Semiconductor Products Inc., Application Note AN-546. 
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2n6370 (SILICON) 


Tlxe RF Line 


NPN SILICON RF POWER TRANSISTOR 


10W (PEP) -30 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 


. . . designed primarily as a driver for high-power linear amplifier 
stages operating from 2.0 to 30 MHz with a 28-Volt supply. 


• Power Output @ 28 Vdc, 30 MHz — 

10 W (PEP) 

• Intermodulation Distortion at Rated Power Output — 

IMD = -30 dB (Max) 


^MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

35 

Vdc 

Collector-Base Voltage 

< 

o 

DO 

o 

65 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Continuous 

>C 

1.5 

Adc 

T otal Device D issi patio n @ Tq = 25°C 
Derate above 25°C 

P D 

20 

0.114 

Watts 

W/°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

* 1 ndicates JEDEC Registered Data 





TYPICAL DRIVER APPLICATION 






2. BASE 

3. EMITTER 

4 COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

24.64 

24.89 

0.970 

0.980 

B 

9.47 

9.73 

0.373 

0.383 

C 

6.07 

7.14 

0.239 

0.281 

D 

5.59 

5 84 

0.220 

0.230 

E 

2.16 

2.67 

0.085 

0.105 

F 

0 10 

0.15 

0.004 

0.006 

G 

18.29 

18.54 

0.720 

0.730 

H 

21.59 

22.10 

0.850 

0.870 

J I 

3.12 

3.23 

0.123 

0.127 

K 

10.80 

11.05 

0.425 

0.435 

L 

6.22 

6.48 

0.245 

0.255 

~~M~1 

40° 

50° 

400 

50° 

N 

3.81 

4.57 

0.150 

0.180 

Q 

2.97 

3.12 

0.117 

0.123 
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2N6370 (continued) 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

[ Characteristics | Symbol j Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l c = 50 mAdc, l B = 0) 

bv C eo 

35 

- 

Vdc 

Collector-Emitter Breakdown Voltage 
(1C = 50 mAdc, V BE = 0) 


65 

- 

Vdc 

Emitter-Base Breakdown Voltage 
( 1 e = 5.0 mAdc, lc = 0) 

bv EBO 

4.0 

- 

Vdc 

Collector Cutoff Current 
(V C E = 28 Vdc, V BE = 0, T C = +55°C) 



10 

mAdc 

ON CHARACTERISTICS 

DC Current Gain 
(l C = 0.5 Adc, V C e = 5.0 Vdc) 

hFE 

5.0 

50 

- 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(l c = 0.5 Adc, V C £ = 15 Vdc, f - 50 MHz) 


50 

- ’ 

MHz 

Output Capacitance 
( V C b = 28 Vdc, l E = 0, f = 1.0 MHz) 

Cob 

- 

40 

pF 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 

(P ou t = 10 W(PEP), I C = 470 mAdc Max, V C c = 28 Vdc, 
f-l = 30 MHz, f 2 = 30.001 MHz) 

GpE 

12 


dB 

Intermodulation Distortion Ratio (Figure 1) 

(Pout = 10W(PEP), l C = 470 mAdc Max, V cc = 28 Vdc, 
f-l = 30 MHz, f 2 = 30.001 MHz) 

IMD 


-30 

dB 

Collector Efficiency 

< p out = 1° W(PEP), l c = 470 mAdc Max, V cc = 28 Vdc, 
f-j = 30 MHz, f 2 = 30.001 MHz) 

V 

38 


% 


* Indicates JEDEC Registered Data. 


FIGURE 1 - 30 MHz TEST CIRCUIT 



Cl 80 — 480 pF ARCO 466 or equivalent 

C2 ,C3,C4 170 - 780 pF A R CO 469 or eq uivalent 

C5 0.1 mF 

C6,C9 0.01 mF 

C7 500 mF TANTA LUM or equivalent 

C8 2000 pF- UNELCO or equivalent 

D 1 1N4001 

LI 4 Turns, #18 AWG , 1/2” I.D., 1/4” Long (0.1 <liH) 


L2 5 Turns, #18 AWG, 1/4” I.D., 5/16” Long (0.13 mH) 

L3 10 mH 

L4 1.0 MH 

L5 RFC VK200 FERROXCUBE 

R 1 10 OHMS 1/2 W ALLEN BRADLEY or equivalent 

R2,R3 1.5 OHMS 1/2 W A LLEN BRAD LEY or equivalent 

R4 50 OHMS 1/2 W ALLEN BRADLEY or equivalent 

ADJUST BIAS FOR I™ = 10 mA 










D DtSTORTION l {dB) T,ON P out , OUTPUT POWER (WATTS PEP) Pout, OUTPUT POWER (WATTS PEP) 


2N6370 (continued) 


FIGURE 2 - LINEAR OUTPUT POWER 
versus FREQUENCY 


FIGURE 3 - OUTPUT POWER 
versus INPUT POWER 



3.0 4 0 5.0 7.0 10 20 30 


f, FREQUENCY (MHz) 



FIGURE 4 - OUTPUT POWER 
versus INPUT POWER 


FIGURE 5 - OUTPUT POWER 
versus INPUT POWER 




0 8 0 16 24 32 


Pin, INPUT POWER (mW PEP) 


P in , INPUT POWER (mWPEP) 


FIGURE 6 - INTERMODULATION DISTORTION 
versus OUTPUT POWER 


FIGURE 7 - LINEAR OUTPUT POWER 
versus SUPPLY VOLTAGE 



5.0 7 0 9.0 11 13 15 


Pout, RF OUTPUT POWER (WATTS PEP) 
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2N6370 (continued) 


FIGURE 8 - PARALLEL EQUIVALENT 
INPUT RESISTANCE versus 
FREQUENCY 


FIGURE 9 - PARALLEL EQUIVALENT 
INPUT CAPACITANCE versus 
FREQUENCY 




3.0 4.0 5.0 7.0 10 20 30 

f, FREQUENCY (MHz) 


FIGURE 10 - PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE versus 
FREQUENCY 


FIGURE 11 - CURRENT GAIN - 
BANDWIDTH PRODUCT 



3.0 4.0 5.0 7.0 10 20 30 

f, FREQUENCY (MHz) 



FIGURE 12 - INPUT CAPACITANCE 
versus EMITTER BASE VOLTAGE 


FIGURE 13 - OUTPUT CAPACITANCE 
versus COL LECTOR- BASE VOLTAGE 
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2N6370 (continued) 


FIGURE 14 - COLLECTOR CURRENT 

versus BASE-EMITTER VOLTAGE FIGURE 15 - RF POWER DERATING 





1.0 2.0 5.0 10 20 50 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


APPLICATIONS INFORMATION 


The 2N6370 transistor is designed for linear power amplifier 
service in the driver or lower level stages of HF (2-30 MHz) single 
sideband (SS8) transmitters. It may also be used in amplitude 
modulated (AM) transmitters employing low level modulation in 
the exciter, or in any application requiring a linear amplifier. The 
device also has adequate gain for many VHF applications below 
100 MHz. 

Designed primarily for lower level stages and not the output 
stage of SSB transmitters, the 2N6370 does not employ internal 
emitter resistors. Therefore, for linear power amplifier applications 
which normally require forward bias for improved linearity, it is 
suggested that external emitter resistance be employed for improved 
DC operating point stability over the full temperature range. Typ- 
ical resistor values for HF operation are illustrated in the test 


amplifier shown in Figure 1. The 2N6370 has more than adequate 
gain at HF, so the designer may wish to utilize unbypassed emitter 
resistance as shown in the circuit of Figure 1. Of course, bypass- 
ing may be included if more gain is desired. 

The linear amplifier characterization data in Figures 2 through 
10 were measured with the unbypassed emitter resistor configura- 
tion shown in Figure 1. For a more detailed discussion of linear 
power amplifier specifications and design, see Reference 1. 
REFERENCES 

1. "Solid-State Linear Power Amplifier Design", Motorola Semi- 
conductor Products, Inc. Application Note AN-546 

2. Pappenfus, Bruene, and Schoenike, "Single Sideband Princi- 
ples and Circuits", McGraw — Hill. 
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2N 6377 thru 2 n6379 (SILICON) 


HIGH-POWER PNP SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Collector Emitter Sustaining Voltage — 

VCEO (sus) = 80 Vdc (Min) - 2N6377 
= 100 Vdc (Min) -2N6378 
= 120 Vdc (Min) - 2N6379 

• High DC Current Gain — 

hf=E = 30-120 @ lc - 20 Adc 
= 10 (Min) @Iq= 50Adc 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = 10 Vdc (Max) @ lc = 20 Adc 
'• Fast Switching Times @ Iq ■= 20 Adc 
t r = 0.35 ids (Max) 
t s = 0.8 ij . s (Max) 
tf = 0.25 ns (Max) 


50 AMPERE 

POWER TRANSISTORS 
PNP SILICON 
80, 100, 120 VOLTS 
250 WATTS 


‘ MAXIMUM RATINGS 


Rating 

Symbol 

2N6377 

2N6378 

2N6379 

Unit 

Collector-Base Voltage 

V CB 

100 

120 

140 

Vdc 

Collector-Emitter Voltage 

v CEO 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

V EB 

r n 

Vdc 


Collector Current -Continuous 
Peak 

•c 

crt _ 

Adc 



Base Current 

•b 


Adc 


Total Device Dissipation @ 

T q = 25° C 

Derate above 25°C 

p D 


Watts 

W/°C 

-as 1 13 ifc 


Operating and Storage Junction 
Temperature Range 

TjTstg 

-0 gg + OQQ . ^ 1 

°C 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.7 

°C/W 


* I ndicates JEDEC Registered Data. 




r~ 

^ 

8 - _ 

Lr 

L_; 

f 71 

1 

L 7L 

SEATING 

D 

1 T 

K 

i 



PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

1.45, 

1.60 

0.057 

0.063 

E 

_ 

3.43 

- , 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 
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2N6377 thru 2N6379 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


| Characteristic 

J Symbol 

| Min | 

Max 

j Unit | 

*OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage ^ 

(l c - 50 mAdc, 1(3 = 0) 

2N6380 

2N6381 

2 N 6382 

v CEO(sus) 

80 

100 

120 

- 

Vdc 

Collector Cutoff Current 


•CEO 



MAdc 

(V CE = 50 Vdc, l B = 0) 

2N6380 


- 

50 


(V C E = 60 Vdc, l B = 0) 

2N6381 


- 

50 


(V C E =70 Vdc, l B = 0) 

2N6382 


- 

50 


Collector Cutoff Current 


>CEX 




(VcE = 90% R a ted Vcb, v BE(off) = T5 Vdc) 



- 

10 

mAcIc 

(V CE = 90% Rated V CB , V BE<off ) = 1.5 Vdc, T C = 150°C) 



- 

1.0 

mAdc 

Emitter Cutoff Current 


•ebo 

- 

100 

MAdc 

( V EB = 6.0 Vdc, l c = 0) 







*ON CHARACTERISTICS (D 


DC Current Gain 

(1C = 1.0 Adc, V CE = 4.0 Vdc) 

(l c = 20 Adc, V CE = 4.0 Vdc) 

(l c = 50 Adc, V CE = 4.0 Vdc) 

h FE 

50 

30 

10 

120 


Collector-Emitter Saturation Voltage 

v CE(sat) 

- 


Vdc 

(1C = 20 Adc, l B = 2.0 Adc) 


_ 

1.2 


(l c = 50 Adc, l B = 10 Adc) 



3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

1 


Vdc 

(l c - 20 Adc, l B = 2.0 Adc) 


- 

1.8 


(l c = 50 Adc, l B = 10 Adc) 


I ! 

3.5 



DYNAMIC CHARACTERISTICS 


* Current-Gam — Bandwidth Product (2) 

(l C = 10 Adc, V CE = 10 Vdc, f test = 10 MHz) 

fT 

30 

- 

MHz 

1 nput Capacitance 

(V EB = 2.0 Vdc, l c = 0, f = 0.1 MHz) 

c ib 

- 

7000 

pF 

♦Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

c ob 


1500 

pF 


* SWITCHING CHARACTERISTICS (Figure 2) 


Rise Time 

(V CC = 80 Vdc, l c - 20 Adc, 

( f B 1 = 1 B2 = 2.0 Adc) 

tr 

- 

0.35 

MS 

Storage T ime 

t S 


0 80 

MS 

Fall T ime 

tf 


0.25 

MS 


indicates JEDEC Registered Data. 

(1) Pulse Test. Pulse Width = 300 ms. Duty Cycle - 2.0%. (2) f T = |h fe ( • f test 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

Vcc 



Note For information on Figures 3 & 6, R0 and R£ 
were varied to obtain desired test conditions 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 


1C, COLLECTOR CURRENT (AMP) 
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2N6377 thru 2N6379 (continued) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j(pk } = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k) ^ 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


1C, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 
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1C, COLLECTOR CURRENT (jiA) V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 
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2n6380 thru 2n6382 (SILICON) 


HIGH-POWER PNP SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Collector Emitter Sustaining Voltage — 

VCEO (sus) = 80 Vdc (Min) - 2N6380 
= 100 Vdc (Min) -2N6381 
= 120 Vdc (Min) - 2N6382 

• High DC Current Gain — 

hpE = 30-120 @ | C = 20 Adc 
= 10 (Min) @ lc= 50 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1.2 Vdc (Max) @ l c = 20 Adc 

• Fast Switching Times @ Iq = 20 Adc 

t r = 0.35 jus (Max) 
t s = 0.8 jus (Max) 
tf = 0.25 jus (Max) 


50 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

80, 100, 120 VOLTS 

250 WATTS 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N6380 

2N6381 

2IM6382 

Unit 

Collector-Base Voltage 

VCB 

100 

120 

140 

Vdc 

Collector-Emitter Voltage 

v CEO 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

VEB 


Vdc 


Collector Current — Continuous 
Peak 

•c 


Adc 

100 ► 

Base Current 

>B 


Adc 


Total Device Dissipation© 

T c = 25° C 

Derate above 25°C 

P D 


Watts 

W/°C 

1 13 »- 


Operating and Storage Junction 
Temperature Range 

TjTstg 

-•* 65 to +200 ► 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

0.70 

°C/W 


* I ndicates JEDEC Registered Data. 




STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



Allllli'; 


■itm 

imfl 

bem 

Id 1 

mwm 

BEEEII 

mm 


■frJM 




WilikM 




— 



■ifenum 





■liiwiW 

Mssml 





■ntml 


ibmi 




— 



■IBIW 



EEUffll 

BUS 

EEEEH 

HESS! 





MilllSlIi 

mm 

E5 


msi 

■DEMB 




BnIMll 

MdklKflSl 


■EM 

BjEJH 

fcilirtiM 

ItilliM 

B 

■ 

i wem 



B 


nm 




All JEDEC notes and dimensions apply. 


CASE 188 
TO -63 
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2N6380 thru 2N6382 (continued) 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 
Characteristic 


*OFF CHARACTERISTICS 














2N6380 thru 2N6382 (continued) 


FIGURE 4 - THERMAL RESPONSE 


iSBSBKi: 


ISSiffitmi 

SPW 


III 


nn 


ssa 


DUTY CYCLE, 0=102 


32 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1001 

t, TIME (ms) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


BONDING WIRE LIMITED \ 

THERMALLY LIMITED 

@ Tq = 25°C (Single Pulse) 1 

SECOND BREAKDOWN LIMITED: 

CURVES APPLY BELOW RATED VcEO - 


5.0 7.0 10 20 30 50 70 10G 

VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


__ 

■ ■■ 

_ 

~ 

t±a 


70 100 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc*VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 


FIGURE 6 - TURN-OFF TIME 
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FIGURE 7 - CAPACITANCE 
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2N6380 thru 2N6382 (continued) 
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FIGURE 12 - COLLECTOR CUT OFF REGION 
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2n 6394 thru 2 n6399 (SILICON) 



G 

9 


AO 

Vf- 

O K 


SILICON CONTROLLED RECTIFIERS 

. . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies; or when- 
ever half-wave silicon gate-controlled, solid-state devices are needed. 

• Glass Passivated Junctions and Center Gate Fire for Greater Para- 

meter Uniformity and Stability 

• Small, Rugged, Thermowatt Construction for Low Thermal Resis- 

tance, High Heat Dissipation and Durability 

• Blocking Voltage to 800 Volts 


* MAX I MUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage (1) 

V RRM 


Volts 

2IM6394 


50 


2N6395 


100 


2N6396 


200 


2N6397 


400 


2N6398 


600 


2N6399 


800 


Forward Current RMS Tj = 125°C 

'T(RMS) 

12 

Amps 

(All Conduction Angles) 




Peak Forward Surge Current 

•tsm 

100 

Amps 

(1/2 cycle, Sine Wave, 60 Hz, Tj = 125°C) 




Circuit Fusing Considerations 

|2 t 

40 

A2 S 

(Tj = -40 to +125°C, t = 1.0 to 8.3 ms) 




Forward Peak Gate Power 

p GM 

20 

Watts 

Forward Average Gate Power 

P G( AV) 

0.5 

Watt 

Forward Peak Gate Current 

•gm 

2.0 

Amps 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

^10 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

RflJC 

2.0 

°C/W 


■ V R rm for ait types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 
capability in a manner such that the voltage supplied exceeds the rated blocking voltage. 
* I ndicates J E DEC Registered Data. 


THYRISTORS 

12 AMPERES RMS 
50-800 VOLTS 






rii 



MM 



MIN 

MAX 

MIN 

MAX 1 

A 

14.23 

ssssi 



B 

KEH 


in 

MiiWiH 

C 

3.56 

m m 

liKEfil 

HEM 

mm 

AMI 

1.14 

liliHil 

0.045 -! 

mmm 


KffKIcl 

0.139 

EKEfH 

mm 

Kill 

mssm 

0.090 

0.110. | 

KB 


6/35 

- 

tEMl 

J 

Kin 

1.14 

wmn 


K 

KESZ9 

14.27 

lildilil 

0.562 

L 

1.14 

WOfiM 

mm 

iiKurJiM 

N 

4.83 

5.33 

■nrciii 

instil 

Q 

2.54 

MEM 

msm 

iilBM 

R 

HMi 

2.92 


tftllldM 

S 

Km 

1.39 

IMfiliWiI 


T 

5.85 

6.85 




CASE 221-02 
TO 220 AB 

All JEDEC dimensions and notes apply 


2-592 




Tc, MAXIMUM CASE TEMPERATURE (°C) 


2N6394 thru 2N6399 (continued) 


ELECTR ICAL CHARACTER 1ST ICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

□ 

Peak Forward Blocking Voltage 

Vdrm 




Volts 

■ 

(Tj = 125°C) 2N6394 


50 

- 

- 


■ 

2N6395 


100 

- 

- 


B 

2N6396 


200 

- 

- 


I 

2N6397 


400 

- 

- 


I 

2N6398 


600 

- 

- 


■ 

2N6399 


800 

- 

- 


1 

* Peak Forward Blocking Current 

>DRM 

- 

- 

2.0 

mA 


(Rated V drm @Tj= 125°C) 







* Peak Reverse Blocking Current 

! RRM 


_ 

2.0 

m A 


(Rated V RRM @ Tj = 125°C) 







* Forward "On'" Voitage 

V TM 

- 

1.7 

2.2 

Volts 


(IjM - 24 A Peak) 







* Gate Trigger Cu/rent (Continuous dc) 

•gt 

- 

50 

30 

mA 


(Anode Voltage = 12 Vdc, R(_ = 100 Ohms) 







Gate Trigger Voltage (Continuous dc) 

Vqt 

- 

0.7 

1.5 

Volts 


(Anode Voltage = 12 Vdc, R(_ = 100 Ohms) 







* Gate Non-Trigger Voltage 

V GD 

0 2 


- 

Volts 



(Anode Voltage = Rated Vqrjvj, R|_ = 100 Ohms, Tj = 125°C) 


* Holding Current 

(Anode Voltage = 12 Vdc) 

<H 

- 

6.0 

40 

mA 


Turn-On Time 

OtM = 12 A, Iqj = 40 mAdc) 

*9t 

~ 

1.0 

2.0 

MS 


Turn-Off Time ( V DRM ~ fated voltage) 

( 1 TM = 12 A, l R - 12 A) 

<I TM * 12 A, Ip = 12 A, Tj = 1 25°C) 

tq 

- 

15 

35 

- 

MS 


Forward Voltage Application Rate 

dv/dt 

- 

50 

__ 

V/ms 

■ 


I (Tj - 1 25°C) 

*lndicates JEDEC Registered Data. 


FIGURE 1 - AVERAGE CURRENT DERATING 
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lT(AV), AVERAGE ON-STATE FORWARD CURRENT (AMP) 


FIGURE 2 - MAXIMUM ON-STATE POWER DISSIPATION 
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Ij(AV), AVERAGE ON-STATE FORWARD CURRENT (AMP) 





2N6394 thru 2N6399 (continued) 



vp, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 


FIGURE 4 - MAXIMUM NON REPETITIVE SURGE CURRENT 
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FIGURE 5 - CHARACTERISTICS AND SYMBOLS 



FIGURE 6 - THERMAL RESPONSE 







2N6394 thru 2N6399 (continued) 


TYPICAL CHARACTERISTICS 


FIGURE 7 - PULSE TRIGGER CURRENT 
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-20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 
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THYRISTER APPLICATION NOTES 


AN-140 Characterization of SCR's as Switches for Line Type 
Modulators 

AN-189 Solid-State Pulse Width Modulation DC Motor Control 
AN-240 SCR Power Control Fundamentals 
AN-295 Suppressing RFI in Thyristor Circuits 
AN-413 Unijunction Trigger Circuits for Gated Thyristors 
AN-441 SCR Slaving Circuits 

AN-443 Directional and Speed Control for Series, Universal and 
Shunt Motors 

AN-450 Induction Motor Speed Control 

AN-453 Zero Point Switching Techniques 

AN-482 Electronic Speed Control of Appliance Motors 


AN-526 Theory, Characteristics and Applications of Silicon Uni- 
lateral and Bilateral Switches 

AN-527 Theory, Characteristics and Applications of the Program- 
mable Unijunction Transistor 
AN-568 A Fuse-Thyristor Coordinator Primer 


To obtain copies of these notes list the AN number(s) on your 
company letterhead and send your request to: 

Technical Information Center 
Motorola Semiconductor Products, Inc. 

P.0 Box 20924 
Phoenix, Arizona 85036 
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2n6400 thru 2n6405 (SILICON) 


G 



SILICON CONTROLLED RECTIFIERS 

. . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies, or when- 
ever half-wave silicon gate-controlled, solid-state devices are needed. 

• Glass Passivated Junctions with Center Gate Fire for Greater Para- 

meter Uniformity and Stability 

• Small, Rugged, Thermowatt Construction for Low Thermal Resis- 

tance, High Heat Dissipation and Durability 

• Blocking Voltage to 800 Volts 


* MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage (1) 

V RRM 


Volts 

2N6400 


50 


2N6401 


100 


2N6402 


200 


2N6403 


400 


2 N 6404 


600 


2N6405 


800 


Forward Current RMS (Tq = 90°C) 

'T(RMS) 

16 

Amps 

(All Conduction Angles) 




Peak Forward Surge Current 

•tsm 

160 

Amps 

(1/2 cycle, Sine Wave, 60 Hz, 




Tj = 1 25°C) 

- - - - 



Circuit Fusing Considerations 

,2t 

100 

A2s 

(Tj = -40 to +125°C, t = 1.0 to 8.3 ms) 




Forward Peak Gate Power 

P GM 

20 

Watts 

Forward Average Gate Power 

P G(AV) 

0.5 

Watt 

Forward Peak Gate Current 

•gm 

2.0 

Amps 

Operating Junction Temperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 
1 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.5 

°C/W 


^ V RR |yj for all types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage Devices should not be tested for blocking 
capability in a manner such that the voltage supplied exceeds the rated block mg voltage. 


THYRISTORS 

16 AMPERES RMS 
50-800 VOLTS 



N 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

14.23 

15.87 

0.560 

0.625 

B 

9.66 

10.66 

0.380 

0.420 

C 

3.56 

4.82 

0.140 

0.190 

0 

0.51 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

G 

2.29 

2.79 

0.090 

0.110 

H 

_ 

6.35 

- 

0.250 

J 

0.31 

1.14 

0.012 

0.045 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.77 

0:045 

0.070 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.92 

0.080 

0.115 

S 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0.270 


CASE 221-02 
TO 220 AB 


All JEDEC dimensions and notes apply 


’Indicates JE DEC Registered Data 


2-596 





TC, MAXIMUM CASE TEMPERATURE (°C) 







2N6400 thru 2N6405 (continued) 


FIGURE 3 - MAXIMUM ON-STATE CHARACTERISTICS 


FIGURE 4 - MAXIMUM NON-REPETITIVE SURGE CURRENT 




0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 

vf, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 
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FIGURE 5 - CHARACTERISTICS AND SYMBOLS 
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FIGURE 6 - THERMAL RESPONSE 








IGT. GATE TRIGGER CURRENT (mA) 


2N6400 thru 2N6405 (continued) 


TYPICAL TRIGGER CHARACTERISTICS 




Tj, JUNCTION TEMPERATURE <°C) Tj, JUNCTION TEMPERATURE (°C) 



Tj, JUNCTION TEMPERATURE (°C) 


THYR1STER APPLICATION NOTES 


AN-140 Characterization of SCR's as Switches for Line Type 
Modulators 

AN-189 Solid-State Pulse Width Modulation DC Motor Control 
AN-240 SCR Power Control Fundamentals 
AN-295 Suppressing RFI in Thyristor Circuits 
AN-413 Unijunction Trigger Circuits for Gated Thyristors 
AN-441 SCR Slaving Circuits 

AN-443 Directional and Speed Control for Series, Universal and 
Shunt Motors 

AN-450 Induction Motor Speed Control 

AN-453 Zero Point Switching Techniques 

AN-482 Electronic Speed Control of Appliance Motors 


AN-526 Theory, Characteristics and Applications of Silicon Uni- 
lateral and Bilateral Switches 

AN-527 Theory, Characteristics and Applications of the Program- 
mable Unijunction Transistor 
AN-568 A Fuse-Thyristor Coordinator Primer 

To obtain copies of these notes list the AN number(s) on your 
company letterhead and send your request to. 

Technical Information Center 
Motorola Semiconductor Products, Inc. 

P.0 Box 20924 
Phoenix, Arizona 85036 
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2n6406/2n6407 PNP (silicon) 

2n6408/2n6409 NPN 


COMPLEMENTARY PLASTIC SILICON ANNULAR 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low current, high 
speed switching applications. 

• Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 60 Vdc - 2N6406, 2N6408 
= 80 Vdc - 2 N 6407, 2N6409 

• DC Current Gain — 

hpE = 30 (Min) @ \q = 0.5 Adc 
= 12 (Min) @ l C = 1.5 Adc 

• Current-Gain — Bandwidth Product - 

fj = 50 MHz (Min) @ l c = 100 mAdc 

• Pin Compatible With TO-220AB Package 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6406 

2 N 6408 

2N6407 

2N6409 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

v CBO 

80 

100 

Vdc 

Emitter-Base Voltage 

00 

> 

6.0 ► 

Vdc 

Collector Current — Continuous 

Peak 

>C 

4 0 ► 

Adc 

Base Current 

'b 

-m 1.0 ► 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate Above 25°C 

Pd 

12.5 ► 

^ 0.10 ► 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj< Tstg 

65 to +150 ► 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

r (9JC 

10 

°C/W 


* I ndicates J E DEC Registered Data. 



2 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
12.5 WATTS 





T 


PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 


: H 


u 

-*G 


:AT SINK , 

'ACT AREA 


4^ £_ b 


HEAT 
CONTACT 
(BOTTOM) 




DIM 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.295 

0.305 

7.490 

7.750 

B 

0.095 

0.105 

2.410 

2.670 

C 

0.425 

0.435 

10.800 

11.050 

D 

0.020 

0.026 

0.508 

0.660 

E 

0.145 

0.155 

3.680 

3.940 

F 

0.093 TP' 

2.3t 

OTP 

G 

0.025 

0.035 

0.635 

0.889 

H 

0.148 

0.158 

3.760 

4.010 

J 

0.115 

0.118 

2.920 

3.000 

K 

0.595 

0.645 

15.110 

16.380 

L 

0.015 

0.025 

0.381 

0.635 

M 

3° 

TYP 

3° TYP 

N 

0.045 

0.055 

1.140 

1.400 

_P_J 

0.085 

0.095 

, 2.160 

2.410 


2-600 




2N6406, 2N6407 PNP/2ISI6408, 2N6409 NPN (continued) 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max j Uni7 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l C = 10 mAdc, l B = O) 

2N6406, 2N6408 

2N6407, 2N6409 

v CEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



MAdc 

(V C E = 30 Vdc, l B = 0) 

2N6406, 2N6408 


- 

500 


(V CE = 40 Vdc, l B = 0) 

2N6407, 2N6409 


~ 

500 


Collector Cutoff Current 


'CEX 



MAdc 

(Vce = 80 Vdc, V BB ( 0 ff) = 1.5 Vdc) 

2N6406, 2N6408 


- 

1.0 


(V CE = 100 Vdc, V BE (off) = 1.5 Vdc) 

2N6407, 2N6409 


- 

1.0 


(V CE = 40 Vdc, V BE (off) = 1.5 Vdc 

2N6406, 2N6408 


- 

0.1 

mAdc 

T C = 1 25° C) 






<V CE = 50 Vdc, V BE(off) = 1.5 Vdc, 

2N6407, 2N6409 


- 

0.1 


T C = 1 25°C) 






Emitter Cutoff Current 


'ebo 

- 

HJ 

MAdc 

(V EB = 6.0 Vdc, l c = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
(l c = 100 mAdc, V CE = 2.0 Vdc) 

(l c = 500 mAdc, V CE = 2.0 Vdc) 

(l C = 1.5 Adc, V CE = 2.0 Vdc) 

(l c = 2.0 Adc, V CE = 2.0 Vdc) 

h FE 

50 

30 

12 

5.0 

250 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(1 q = 500 mAdc, 1 B = 50 mAdc) 


- 

0.5 


OC = 1.5 Adc, l B = 150 mAdc) 


- 

1.4 


(1C = 2.0 Adc, l B = 400 mAdc) 


- 

2.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

1.5 

Vdc 

(l c = 1.5 Adc, l B = 150 mAdc) 





Base-Emitter on Voltage 





(l c = 100 mAdc, V CE = 2.0 Vdc) 

VBE(on) 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(1 q - 100 mAdc, Vq E = 10 Vdc, f = 10 MHz) 

fT 

50 

- 

MHz 

Output Capacitance 

Cob 



pF 

(V C B = 10 Vdc, l E = 0, f = 0.1 MHz) 2N6406, 2N6407 


- 

50 


2N6408, 2N6409 


- 

30 


Small-Signal Current Gain 

h fe 

10 

_ 

- 

(l c = 100 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 






^Indicates JEDEC Registered Data. 

(1 ) Pulse test: Pulse Width < 300 m s. Duty Cycle ^2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES. 
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2N6406, 2N6407 PNP/2N6408, 2N6409 NPN (continued) 


FIGURE 4 - THERMAL RESPONSE 
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FIGURE 6 - 2N6408, 2N6409 




Tj = 1 50°C X 

BONDING WIRE LIMITED 1 X 
THERMALLY LIMITED @ 

Tc = 25°C (SINGLE PULSE) 
SECOND BREAKDOWN LIMITED 
CURVES APPLY BELOW 
RATED VCEO 


Tj = 150°C | ^ 

BONDING WIRE LIMITED | 

THERMALLY LIMITED @ j 

Tc = 25°C (SINGLE PULSE) 
SECOND BREAKDOWN LIMITED 
CURVES APPLY BELOW 

RATED VCEO 
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Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor — average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based onTj( p | < ) = 150 °C;Tq is 


2.0 3.0 5.0 7.0 10 


20 30 50 70 100 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p |<) < 150°C. Tj( p | < ) 
maybe calculated from the data in Figure 4. At high case tempera- 
ture, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 
(See AN-41 5A) 


FIGURE 7 - TURN-OFF TIME 


FIGURE 8 - CAPACITANCE 
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2N 6410 NPN (SILICON) 
2n6411 PNP 


COMPLEMENTARY SILICON ANNULAR POWER 
PLASTIC TRANSISTORS 

. . . designed for low voltage, low-power, high-gain audio amplifier 
applications. 

• Collector-Emitter Sustaining Voltage - 

v CEO(sus) = 25 Vdc (Min) @ lc = 10 mAdc 

• High DC Current Gain - hpE = 70 (Min) @ lc = 500 mAdc 

= 45 (Min) @ lc = 2.0 Adc 
= 10 (Min) @ lc = 4.0 Adc 

• Low Collector-Emitter Saturation Voltage - 

VCE(sat) = 0-35 Vdc (Max) @ lc = 500 mAdc 
= 0.8 Vdc (Max) @ lc = 2.0 Adc 

• High Current-Gain - Bandwidth Product — 

fj = 50 MHz (Min) @ lc = 100 mAdc 

• Pin Compatible with TO-220AB Package 


^MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


* Indicates JEDEC Registered Data. 


4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

25 VOLTS 
15 WATTS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Collector-Base Voltage 

v CBO 

40 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

6.0 

Vdc 

Collector Current — Continuous 

'c 

4.0 

Adc 

Peak 


8.0 

Adc 

Base Current 

! b 

1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-65 to +150 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

8.34 

°C/W 



PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 



DIM 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.295 

0 305 

7 490 

7.750 

B 

0.095 

0 105 

2.410 

2.670 

C 

0.425 

0.435 

10 800 

11.050 

D 

0.020 

0.026 

0.508 

0.660 

E 

0.145 

0.155 

3.680 

3 940 

F 

0.09 

3 TP 

2.3£ 

OTP 

~G| 

0.025 

0.035 

0.635 

0.889 


0.148 

0.158 

3.760 

4.010 

~j~i 

0.115 

0.118 

2.920 

3 000 

K 

0.595 

0.645 

15.110 

16.380 

L 

0.015 

0.025 

0.381 , 

0.635 

M 

3° 

TYP 

3° TYP 

~nT1 

0.045 1 0.055 

1 140 I 1.400 

“ pi 

0.085 | 0.095 

2 160 | 2.410 
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2N6410 IMPN/2IM641 1 PIMP (continued) 


•ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise r 

Characteristic J 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(Iq = 10 mAdc, l B = 0) 

Collector Cutoff Current 

(V C E = 20 Vdc, l B = 0) 

Collector Cutoff Current 
(Vq E = 40 Vdc, VgE( 0 ff) = 1.5 Vdc) 

(V C E = 20 Vdc, V BE ( off ) = 1.5 Vdc, T c = 125°C) 

Emitter Cutoff Current 
(V EB =6.0 Vdc, lc = 0) 

ON CHARACTERISTICS (1) 


DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(l C = 100 mAdc, V CE = 10 Vdc, f = 10 MHz) 

Output Capacitance 
(V CB = 10 Vdc, l C = 0, f = 0.1 MHz) 


Small-Signal Current Gain 
(1C = 500 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 


v CEO(sus) 

'CEO 

*CEX 



Vdc 

100 

MAdc 

1.0 

MAdc 

0.1 

mAdc 

1.0 

MAdc 


DC Current Gain 

(Iq = 500 mAdc, V CE = 2.0 Vdc) 

(l c = 2.0 Adc, V CE = 2.0 Vdc) 

(l C = 4.0 Adc, Vq E = 2.0 Vdc) 

h FE 

70 

45 

10 

180 



Collector-Emitter Saturation Voltage 
(Iq = 500 mAdc, l B = 50 mAdc) 

(l c = 2.0 Adc, l B = 200 mAdc) 

(Iq = 4.0 Adc, l B = 400 mAdc) 

v CE(sat) 

- 

0.35 

0.8 

1.5 

Vdc 


Base-Emitter Saturation Voltage 
(Iq = 2.0 Adc, l B = 200 mAdc) 

v BE(sat) 

- 

1.6 

Vdc 


Base-Emitter On Voltage 
(Iq = 2.0 Adc, V CE = 2.0 Vdc) 

v BE(on) 

~ 

1.6 

Vdc 



* Indicates JEDEC Registered Data. 

(1) PulseTest: Pulse Width < 300 ms. Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


I 25 * ** I 

r 1 

::n 


t r , tf <110 ns 
DUTY CYCLE = 1 C 



RB and Rc VARIEO TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib =100 mA 
MSD6100 USED BELOW lfi =100 mA 
FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 



3.QL-L1.J 11 ... 

0 05 0.07 0.1 


0.2 0.3 0.5 0.7 1.0 

1C, COLLECTOR CURRENT (AMP) 







2N6410 NPN/2N6411 PIMP (continued) 


FIGURE 4 - 


C, CAPACITANCE (pF) 


RESPONSE 














9\j, TEMPERATURE COEFFICIENTS (mV/°C) V, VOLTAGE (VOLTS) *>FE< DC CURRENT GAIN 











2n6412,2n6413 NPN (silicon) 

2n6414, 2n6415PNP 


COMPLEMENTARY PLASTIC SILICON ANNULAR 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low current, high- 
speed switching applications. 

• Low Col lectcfr- Emitter Sustaining Voltage — 

VqeO(sus) = 40 vdc (Min) “ 2N6412, 2N6414 
= 60 Vdc (Min) - 2N6413, 2N6415 

• High Current-Gain - Bandwidth Product — 

f T = 50 MHz (Min) @ l C = 100 mAdc 

• DC Current Gain Specified at 0.2, 1.0, 2.0 and 4.0 Adc 

• Collector-Emitter Saturation Voltage Specified at 0.5, 1.0, 

2.0 and 4.0 Adc 

• Pin Compatible With TO-220AB Package 


^MAXIMUM RATINGS 


[ Temperature Range 

THERMAL CHARACTERISTICS 


Indicates JEDEC Registered Data. 


FIGURE 1 - POWER DERATING 



4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40, 60 VOLTS 
15 WATTS 



Rating 

Symbol 

2N6412 

2N6414 

2N6413 

2N6415 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

v CBO 

60 

80 

Vdc 

Emitter-Base Voltage 

v EBO 

6 

.0 

Vdc 

Collector Current — Continuous 

•c 

4.0 

Adc 

— Peak 


8.0 

Adc 

Base Current 

•b 

1.0 

Adc 

Total Power Dissipation @ T^ = 25°C 
Derate Above 25°C 

Pd 

15 

0.12 

Watts 

W/°C 

Operating and Storage Junction 

Tj< T stg 

-65 to +150 

°C 


Um— A — 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

8.34 

o 

0 

1 


PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 


HEATSINK ^ 
CONTACT AREA 
(BOTTOM) 

INCHES 

DIM "MIN [ MAX 
A 0 295 0.305 

B 0 095 0 105 

C 0 425 0 435 

D 0 020 0.026 

E 0 145 1 0 155 

F 0 093 TP 
G 0 025 0.035 

H 0.148 0 158 

■ J 0115 0118 

,K 0.595 0.645 

L 0 015 I 0.025 

M 3° TYP 

N ~~0~045 I 0.055 
P 0 085 0 095 



MILLIMETERS 
MIN MAX~ 
7 490 7 750 

2 410 2 670 

10 800 11 050 

0 508 0.660 

3 680 3 940 

2 360 TP 
0.635 ) 0 889 
3.760 4 010 

2 920 3.000 

15.110 16 380 

0 381 0 635 

3° TYP 

1 1 40 | 1 400 

2 160 I 2410 


80 100 120 140 160 

T, TEMPERATURE (°C) 
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2N6412, 2N6413 NPN/2N6414, 2N6415 PNP(continued) 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) j 

v CEO(sus) 



Vdc 

(|0 = 10 mAdc, lg = O) 

2N6412, 2N6414 


40 

- 



2N6413, 2N6415 


60 

- 


Collector Cutoff Current 


'CEO 



juAdc 

(V CE = 20 Vdc, l B = 0) 

2N6412. 2N6414 


- 

100 


(V C E = 30 Vdc, lg = 0) 

2N6413, 2N6415 


- 

100 


Collector Cutoff Current 


'CEX 




(Vce = 60 Vdc, VgE(off) 

2N6412, 2N6414 


- 

1.0 

juAdc 

= 1.5 Vdc) 






( V C E = 80 Vdc, V BE ( off ) 

2N6413, 2N6415 


- 

1.0 


= 1.5 Vdc) 






(V C E = 30 Vdc, V BE(off) 

2N6412, 2N6414 


- 

0.1 

mAdc 

= 1.5 Vdc, T C = 1 25°C) 






(V CE = 40 Vdc, Vg E(off ) 

2N6413, 2N6415 


- 

0 1 


= 1.5 Vdc, T C = 125°C 






Emitter Cutoff Current 


'ebo 

- 

1.0 

juAdc 

(V EB = 6.0 Vdc, l c = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

hFE 




(l c = 200 mAdc, V CE = 3.0 Vdc) 


40 

250 


(l c = 1.0 Adc, V C E = 3.0 Vdc) 


25 

- 


(l c = 2.0 Adc, V C E = 3.0 Vdc) 


20 

- 


( l c = 4.0 Adc, V C E = 3.0 Vdc) 


5.0 

- - 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(lc ~ 500 mAdc, lg = 50 mAdc) 


- 

0.4 


(l C = 1.0 Adc, lg = 100 mAdc) 


- 

0.6 


(l c = 2.0 Adc, lg = 200 mAdc) 


- 

0.8 


( l c = 4.0 Adc, 1 g = 800 mAdc) 


- 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

1 8 

Vdc 

(l c = 2.0 Adc, lg = 200 mAdc) 





Base-Emitter on Voltage 

v BE(on) 

_ 

1.8 

Vdc 

(l C = 2.0 Adc, V CE = 3.0 Vdc) 





DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 100 mAdc, V CE = 10 Vdc, f = 10 MHz) 

fT 

50 

- 

MHz 

Output Capacitance 

(Vcb = 10 Vdc, !c = 0) 2N6412, 2N6413 

f = 0.1 MHz) 2N6414, 2N6415 

c ob 

- 

50 

70 

pF 

Small-Signal Current Gain 

(1C = 200 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h fe 

10 

- 

- 


* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ^ 300 jus, Duty Cycle ^ 2.0% 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


D i MUST BE FAST RECOVERY TYPE, eg 
M8D5300 USED ABOVE Ib ~100 mA 
MSD6100 USED BELOW Ib =-100 mA 


FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 



0.04 0.06 0.1 02 0 4 OB 1.0 20 40 

1C, COLLECTOR CURRENT (AMP) 
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r(t), TRANSIENT THERMAL RESISTANCE 

t, TIME (ns) ^ | C , COLLECTOR CURRENT (AMP) (NORMALIZED) 


2IM6412, 2N6413 NPN/2N6414, 2N6415 PNP (continued) 


FIGURE 4 - THERMAL RESPONSE 


^Sj 



_v i i i i i _ 
0 (SINGLE PULSE) 


DUTY CYCLE, D = t]/t2 


-Tj(pk)-Tc=(pk) RflJC(t) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 




5.0 ms - 1 — ^ ^ , 

1 T I ■' 

— BONDING WIRE LIMITED = p-~ ( 3 . 

— THERMALLY LIMITED @ Tq = 25°C 

(SINGLE PULSE) — 

—SECOND BREAKDOWN LIMITED 
^CURVES APPLY BELOW — : 

= ! RATED VCEO 1 1 [ 1 = = =f= : = : 

2N6412, 2 N 64 1 4 - ■ 
‘ 2N6413, 2N641 5 


There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown 
Safe operating area curves indicate Ic'VcE limits of the transistor 
that must be observed for reliable operation, i e , the transistor 
must not be subjected to greater dissipation than the curves indicate 
The data of Figure 5 is based on Tj( p k) = 150°C; Tq is variable 
depending on conditions Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 150°C. Tj( p |<) may be 
calculated from the data in Figure 4 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
(See AN-415A) 


2.0 3.0 5.0 7.0 10 


20 30 50 70 100 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE 




2N6412, 2N6413 (NPN) 


2N6414, 2N6415 (PNP) 



2N6412, 2N6413 (NPN) 


2N6414, 2N6415 (PNP) 


2.0 3.0 5.0 7.0 10 


20 30 50 70 100 


1C, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 






















jn6416,2n6417 NPN (SILICON) 

2n6418,2n6419 PNP 


COMPLEMENTARY PLASTIC SILICON ANNULAR 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low-current, high 
speed switching applications. 

• High Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 80 Vdc (Min) - 2N6416, 2N6418 
= 100 Vdc (Min) - 2N6417, 2N6419 

• High DC Current Gain @ Iq = 200 mAdc 

hp£ = 40-250 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.5 Vdc (Max) @ Iq = 500 mAdc 

• High Current Gain — Bandwidth Product — 

fj = 40 MHz (Min) @ \q - 100 mAdc) 

• Pin Compatible With TO-22QAB Package 


3 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

80, 100 VOLTS 
15 WATTS 


*MAXIMUM RATINGS 


Rating 

Symbol 

2N6416 

2N6418 

2N6417 

2N6419 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

v EBO 

6.0 

Vdc 

Collector Current — Continuous 

>c 

3.0 

Adc 

— Peak 


6.0 


Base Current 

! b 

1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +150 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

8.34 

°C/W 


"Indicates JEDEC Registered Data. 



L . 

E 

► 

H 


' \ 

C 

1 ' 
_L. 

1 

1 2 

p 

4“ 

D-* 


I 

.n_i 


L 


N 1 BASE • 

2 COLLECTOR 4= 
3. EMITTER f 




HEAT SINK 
CONTACT AREA 
(BOTTOM) 


4 


DIM 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0 295 

0.305 

7.490 

7 750 

B 

0.095 

0.105 

2.410 

2.670 

C 

0.425 

0.435 

10.800 

11.050 

D 

0.020 

0.026 

0 508 

0.660 

E 

0.145 

0.155 

3.680 

3 940 

F 

OE 

3 TP 

2.3 

OTP 

G 

0 025 

0.035 

0 635 

0.889 

H 

0.148 

0.158 

3 760 

4.010 

J 

0.115 

0.118 

2.920 

3.000 

K 

0.595 

0.645 

15.110 

16.380 

L 

0.015 

0 025 

0.381 

0.635 

M 

3° TYP 

3° TYP 

N 

0.045 I 0.055 

1.140 I 1.400 

P 

0.085 | 0 095 

2160 | 2.410 


2-612 






2N6416, 2N6417 NPN/2N6418, 2IM6419 PNP (continued) 


^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


! Characteristic S 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(1(2 = 10 mAdc, l B - 0) 


2N6416, 2N6418 
2N6417, 2N6419 


Collector Cutoff Current 

(V CE = 40 Vdc, l B = 0) 2N641 6, 2N6418 

<V CE = 50 Vdc, l B = 0) 2N6417, 2N6419 

Collector Cutoff Current 

(V CE =80 Vdc, V BE ( off ) = 1.5 Vdc) 2N6416, 2N6418 

(V CE = 100 Vdc, V BE(of f) = 1.5 Vdc) 2N6417, 2N6419 

(V CE = 40 Vdc, V BE ( 0 ff) = 1.5 Vdc, T C = 125°C) 2N6416, 2N6418 
(V CE = 50 Vdc, V BE ( off ) =1.5 Vdc, T c = 125°C) 2N6417, 2N6419 

Emitter Cutoff Current 
(V EB = 6.0 Vdc, l c = 0) 


ON CHARACTERISTICS (1) 

DC Current Gain 

(l c = 200 mAdc, V CE = 3.0 Vdc) 

(l c = 1.0 Adc, V CE = 3.0 Vdc) 

(l c = 2.0 Adc, V CE = 3.0 Vdc) 

(l C ^ 3.0 Adc, V CE = 3.0 Vdc) 

Collector-Emitter Saturation Voltage 
(Iq = 500 mAdc, l B = 50 mAdc) 

(lc = 1-0 Adc, l B = 100 mAdc) 

(1C = 2.0 Adc, l B = 200 mAdc) 

(1(2 = 3.0 Adc, I B = 600 mAdc) 

Base-Emitter Saturation Voltage 
0C = 2.0 Adc, l B = 200 mAdc) 

Base-Emitter On Voltage 

(l c = 200 mAdc, V CE = 3.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 

(1(2 = 100 mAdc, V CE = 10 Vdc, f = 10 MHz) 

Output Capacitance 

(V C b = 10 Vdc, l c = 0, f = 0.1 MHz 2N6416,2N6417 

2N6418,2N6419 

Small-Signal Current Gain 
(l c = 200 mAdc, V CE = 10 Vdc, f = 1 .0 kHz) 

* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 


Unit | 



FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



t r ,tf£l10ns -±r 6 -±r 

DUTY CYCLE = 1 0% ” -4 V 

RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ig -=100 mA 
MSD6100 USED BELOW Ig ^100 mA 

FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 





2N641 6, 2N6417 (NPN) 


2N6418, 2N6419 (PNP) 


0.2 0.4 0.6 1.0 

1C, COLLECTOR CURRENT (AMP) 








2N6416, 2N6417 NPN/2N6418, 2IM6419 PNP (continued) 


FIGURE 4 - THERMAL RESPONSE 












d\i, TEMPERATURE COEFFICIENTS (mV/°C) V, VOLTAGE (VOLTS) hFE, DC CURRENT GA,N 


2N6416, 2N6417 NPN/2N6418, 2N6419 PNP (continued) 


NPN I PNP 

2N6416, 2N6417 I 2N6418, 2N6419 

FIGURE 8 - DC CURRENT GAIN 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 | 0.04 q.06 0.1 0.2 0.4 0.6 1 

1C, COLLECTOR CURRENT (AMP) I Iq, COLLECTOR CURRENT (AMP) 


2n6424, 2N 6425 

For Specifications, See 2N3837 Data, Volume I. 
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2n6426 (SILICON) 

2n6427 


NPN SILICON ANNULAR DARLINGTON 
TRANSISTORS 

. . . designed for use as high-gain amplifiers for audio, chroma, and 
control circuits; drivers for displays, lamps, buzzers and solenoids. 

• Collector-Emitter Breakdown Voltage — 

BVcEO = 40 Vdc (Min) @ lc = 10 mAdc 

• DC Current Gain specified from 10 mAdc to 500 mAdc 

• LowNoiseFigure — 

NF = 3.0 dB (Typ) @ l c = 1.0 mAdc *' 

• Monolithic Construction 


♦MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

CO 

o 

> 

40 

Vdc 

Emitter-Base Voltage 

V EB 

12 

Vdc 

Collector Current — Continous 

>C 

500 

mAdc 

Total Power Dissipation @ =* 25°C 

P D 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

T J, T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JAU) 

200 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

83.3 

°C/W 

’Indicates JEDEC Registered Data. 




(1 ) RfljA is measured with the device soldered into a typical printed circuit board. 


NPN SILICON 
DARLINGTON 
TRANSISTORS 



7 T 

SEATING - 7 P 
PLANE 



Q 



Ml 

3 0 ^ 

■4 ® 

7 

s 

tn 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.450 

5.200 

0.175 

0.205 

B 

3.180 

4 190 

0.125 

0.165 

C 

4.320 

5.330 

0.170 

0.210 

D 

0.407 

0.533 

0.016 

0.021 

F 

0.407 

0.482 

0.016 

0.019 

K 

12.106 

- ■ 

0.500 

• - 

L 

1.150 

1.390 

0.045 

0.055 

N 

- ~ ■ 

1.270 

- 

0.050 

P 

6.350 

- 

0.250 

- 

Q 

3.430 

- 

0.135 

- 

R 

2.410 

2.670 

0.095 

0.105 

S 

2.030 

2.670 

0.080 

0.105 


CASE 29-02 
TO-92 
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2N6426, 2N6427 (continued) 


^ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic Symbol j Min | Typ | Max j Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Iq = 10 mAdc, Ib = 0) 

BV CEO 

40 

~ 

- 

Vdc 

Collector-Base Breakdown Voltage 
(\q = 100 /uAdc, 1 E = 0) 

BVcbO 

40 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, I C = 0) 

BV EB o 

12 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B = 30 Vdc, l E = 0) 

'cbo 


- 

50 

nAdc 

Emitter Cutoff Current 
(V B e = 10 Vdc, l C = 0) 

'ebo 

- 

- 

50 

nAdc 

Collector Cutoff Current 
(V CE - 25 Vdc, l B ^ 0) 

'CEO 

- 


1.0 

MAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = 10 mAdc, V CE = 5.0 Vdc) 2N6426 

2N6427 

(l c = 100 mAdc, V CE = 5.0 Vdc) 2N6426 

2N6427 

(l c = 500 mAdc, V CE = 5.0 Vdc) 2N6426 

2N6427 

h FE 

20,000 

1 0,000 

30.000 

20.000 
20,000 

1 4,000 

- 

200,000 

100,000 

300.000 

200.000 
200,000 
140,000 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

** (Iq = 50 mAdc, lg = 0.5 mAdc) 


- 

0.71 

1.2 


(l C = 500 mAdc, lg = 0.5 mAdc) 


- 

0.9 

1.5 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

1.52 

2.0 

Vdc 

(Iq = 500 mAdc, lg = 0.5 mAdc) 






Base-Emitter On Voltage 

v BE(on) 

- 

1.24 

1.75 

Vdc 

(l c = 50 mAdc, V CE = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


High Frequency Current Gain 

(l c = 10 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 2N6426 

2N6427 

Nel 

1.5 

1.3 

2.4 

2.4 

- 

- 

Output Capacitance 

Cob 

- 

5.4 

7.0 

pF 

(V CB = 10 Vdc, 1 E = 0, f = 1.0 MHz) 






Input Capacitance 

Cjb 

- 

10 

15 

pF 

(V B E “ 10 Vdc, l c = 0, f = 1.0 MHz) 






Input Impedance 

5ie 





(l c = 1 0 mAdc, V CE = 5.0 Vdc, f = 1.0 kHz) 2N6426 


100 

- 

2000 


2N6427 


50 

- 

1000 


Small-Signal Current Gain 

5fe 





(l c = 1 0 mAdc, V CE = 5.0 Vdc, f = 1.0 kHz) 2N6426 


20,000 

- 

- 


2N6427 


10,000 

- 

- 


Output Admittance 

5oe 

_ 

- 

1000 

Mmhos 

(l c = 10 mAdc, V CE = 5.0 Vdc, f= 1.0 kHz) 






Noise Figure 

NF 

- 

3.0 

10 

dB 

(I C = 1.0 mAdc, V CE = 5.0 Vdc, R s = 100 kft, 






f = 10 kHz to 15.7 kHz) 







indicates JEDEC Registered Data. * ’Motorola guarantees this data in addition to JEDEC Registered Data. 

( 1 ) Pulse Test: Pulse Width ^300 ms, Duty Cycle ^ 2.0%. 
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2N6426, 2N6427 (continued) 


FIGURE 1 - TRANSISTOR NOISE MODEL 



NOISE APPLICATION NOTE 


For a transistor, total noise at the input may be 
expressed as: 

V T =^2 + 4KTRs + i^R |j' /2 (1) 

(See Figure 1 ) 

Where: 

Vj = Total noise voltage at the transistor input 
(Volts/yfiz) 

e n = noise voltage of the transistor referred to the 
input (Figure 2) 

i n = noise current of the transistor referred to the 
input (Figure 3) 

K = Boltzman's constant (1 .38 x 10" 23 j'/°K) 

T = temperature of the source resistance (°K) 

RS~ source resistance (Ohms) 

Example: 

Find the total noise at the input of a 2N6426 for a 
collector current of 1.0 mA and a source impedance of 
10 Kilohm at a frequency of 100 Hz and at a temperature 
of 25°C. 

Read e n = 31 nV/^/hlTfrom Figure 2. (Note that this is for 
a one cycle bandwidth) 

Read i n = 0.38 pA/y/Hz from Figure 3. 

Vj= [(31 x 1 0 -9 ) 2 + (4) (1 .38 x 10” 23 ) (300) (10 x 10 3 ) 
+ (0.38 x 10- 12 ) 2 (10 x 10 3 ) 2 ] 1/2 = 3.38 nV/^Hz 
Noise figure is defined as: 


NF = 20 log-] o 


total noise voltage 


noise voltage contributed by the Source 
Resistance 


N F - 20 log-j q 


pTLV 

\4 KTRs/ 


( 2 ) 


Noise figure can be calculated for the above example as 
follows: 


NF - 20 log^g 


(33.8 x 10~ 9 ) 2 
16.6 x 10-1 7 


V2 

= 8.4 dB 


To minimize noise in a transistor stage, one might use 
Figure 5 and deduce that noise is minimized when Noise 
Figure is minimum. This is not necessarily true as shown 
by Figure 4 where the total noise voltage is a minimum at 
small values of source impedance. This can be seen from 
equation (1) which shows that total noise is a direct 
function of source resistance. 

Noise over a frequency band can be handled in one of 
two ways depending upon whether total transistor noise is 
constant or variable over the bandwidth of interest: 

1. For Constant transistor noise, multiply, Vx by the 
square root of bandwidth, i.e., Vj = V j • Af 1 / 2 . 

2. For variable transistor noise, plot Vj (where Af = 
1.0 Hz) versus frequency over the bandwidth and 
integrate the result. 


Total noise voltage at the output of the transistor stage 
can be found by multiplying V j or Vj by the voltage gain 
of the stage. 
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C, CAPACITANCE (pF) v'j, T0TAL WIDEBAND NOISE VOLTAGE (nV) 6n N0 | SE VOLTAGE (nV) 


2N6426, 2N6427 (continued) 






hp£, DC CURRENT GAIN 


2N6426, 2N6427 (continued) 



5.0 7.0 10 20 30 50 70 100 200 300 500 


1C, COLLECTOR CURRENT (mA) 


FIGURE 10 - "ON" VOLTAGES 


FIGURE 9 - COLLECTOR SATURATION REGION 



IB, BASE CURRENT (pA) 


FIGURE 11 - TEMPERATURE COEFFICIENTS 







2N6426, 2N6427 (continued) 


FIGURE 12 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 13 - ACTIVE REGION SAFE OPERATING AREA 



0.4 0.6 1.0 2.0 4.0 6.0 10 20 40 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The safe operating area curves indicate IC'VcE limits 
of the transistor that must be observed for reliable oper- 
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 13 is based upon Tj( p |<) = 150°C; 
Tq or T/\ is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided Tj(p|<) < 
150°C. Tj(pk) may tie calculated from the data in Figure 
12. At high case or ambient temperatures, thermal limi- 
tations will reduce the power than can be handled to 
values less than the limitations imposed by second break- 
down. (See AN-41 5A). 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 



Duty Cycle = t-j f = — 
Peak Pulse Power = Pp 


A train of periodical power pulses can be represented by 
the model as shown in Figure A. Using the model and the 
device thermal response the normalized effective transient 
thermal resistance of Figure 12 was calculated for various 
duty cycles. 

To find Zqjq(x), multiply the value obtained from Figure 

1 2 by the steady state value R#jc- 

Example: 

The 2N6426 is dissipating 2.0 watts under the following 
conditions: 

ti= 1.0 ms, tp = 5.0 ms. (D = 0.2) 

Using Figure 1 2, at a pulse width of 1 .0 ms and D = 0.2, 
the reading of r (t) is 0.4. 

The peak rise in junction temperature is therefore 
AT = r(t) X Pp X Be JC = 0.4 X 2.0 X 83.3 = 66.5°C 
For more information, see AN-569. 
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2n6436 (SILICON) 

2n6437 

2n6438 


HIGH-POWER PNP SILICON TRANSISTORS 

...designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Co I lector- Emitter Sustaining Voltage — 

v CEO(sus) = 80 Vdc (Min) - 2N6436 
= 100 Vdc (Min) — 2N6437 
= 120 Vdc (Min) -2N6438 

• High DC Current Gain - 

hFE = 20-80 @lc= 10 Adc 
= 12 (Min) @ lc = 25 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = L0 Vdc (Max) @ lc = 10 Adc 

• Fast Switching Times @ Iq = 10 Adc 

t r = 0.3 /is (Max) 
t s = 1.0 /is (Max) 
tf = 0.25 /ts (Max) 

• Hard Solder Construction 

• Complement to NPN 2N6338 thru 2N6341 


25 AMPERE 
POWER TRANSISTORS 
PNP SILICON 

80, 100, 120 VOLTS 
200 WATTS 



MAXIMUM RATINGS 


Rating 

Symbol 

2N6436 2N6437 2N6438 

Unit 

Collector-Base Voltage 

V CB 

100 120 140 

Vdc 

Collector-Emitter Voltage 

v CEO 

80 100 120 

Vdc 

Emitter-Base Voltage 

VEB 

6.0 

Vdc 

Collector Current — Continuous 

Peak 

'c 

- — 25 

50 — 

Adc 

Base Current 

*B 

10 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

200 

1.14 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J. T stg 

65 to +200 «- 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

| Symbol | Max | Unit 

Thermal Resistance, Junction to Case 

R0 JC 0.875 ° 

Z/\N 


* Indicates JEDEC Registered Data. 


... 

FIGURE 1 - 

POWER DERATING 
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a. DU 
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25 

0 








X 

1 

] 2 

15 5 

0 75 100 125 1 

Tc, CASE TEMPERATURE (°C) 

50 175 200 



H 


STYLE 1: 

PIN 1 BASE 
2. EMITTER 
CASE: COLLECTOR 

NOTE. 

1. DIM "Q" IS DIA, 



MILLIMETERSl 

DIM 

MIN 

MAX 

A 


39.37 

B 

- 

21.08 

n 

6.35 

7.62 

D 

0.99 

1.09 

E 

- 

3.43 

F 

29.90 

30.40 

G 

10.67 

11.18 

H 

5.33 

5.59 

J 

16.64 

17.15 

K 

11.18 

12.19 

Q 

3.84 

4.09 

R 

- 

26.67 


Collector connected to case. 
CASE 11-01 
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2N6436, 2N6437, 2N6438 (continued) 


•ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol j Min j Max | Unit ] 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

( 1 C = 50 mAdc, l B = 0) 

2N6436 

2N6437 

2N6438 

VCEO(sus) 

80 

100 

120 

- 

Vdc 

Collector Cutoff Current 


'CEO 



MAdc 

(V CE = 40 Vdc, l B = 0) 

2N6436 


- 

50 


(V CE =50 Vdc, l B = 0) 

2N6437 


- 

50 


(V C E = 60 Vdc, l 8 = 0) 

2N6438 


- 

50 


Collector Cutoff Current 


*CEX 



MAdc 

(Vce = 90 Vdc, Vg E ( 0 ff) = -1.5 Vdc) 

2N6436 


- 

10 


(V CE = 110 Vdc, V BE ( off ) = -1.5 Vdc) 

2N6437 


- 

10 


(Vce = 130 Vdc, Vg E ( 0 ff ) = -1.5 Vdc) 

2N6438 


- 

10 


(Vce = 80 Vdc, Vg E ( of f) = -1.5 Vdc, 

2N6436 


- 

1.0 

mAdc 

T C = 150°C) 






(V CE = 100 Vdc, V BE ( of f) =-1.5 Vdc, 

2N6437 


- 

1.0 


T C = 1 50°C) 






(V CE = 120 Vdc, V BE ( of f) = -1.5 Vdc, 

2N6438 


- 

1.0 


T C = 1 50°C 






Collector Cutoff Current 


'CBO 



MAdc 

(V CB = 100 Vdc, l E = 0) 

2N6436 


- 

10 


(V CB = 120 Vdc, l E = 0) 

2N6437 


- 

10 


(V CB = 140 Vdc, 1 E = 0) 

2N6438 


- 

10 


Emitter Cutoff Current 


'EBO 

i 

100 

MAdc 

(V EB = 6.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l c = 0.5 Adc, V CE = 2.0 Vdc) 

(l c = 10 Adc, V CE = 2.0 Vdc) 

(l c = 25 Adc, V CE = 2.0 Vdc) 

h FE 

30 

20 

12 

80 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l C = 10 Adc, 1 B = 1-0 Adc) 


- 

1.0 


(l C = 25 Adc, l B = 2.5 Adc) 


- 

1.8 


Base-Emitter Saturation Voltage (1) 

v BE(sat) 



Vdc 

(l C = 10 Adc, l B = 1.0 Adc) 


- 

1.8 


(l C = 25 Adc, l B = 2.5 Adc) 


- 

2.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(l c = 1.0 Adc, V CE = 10 Vdc, f tes t = 10 MHz) 

IT 

40 

-| 

MHz 

Output Capacitance 

(V CE = 10 Vdc, l E = 0, f = 100 kHz) 

^ob 

_ 

700 

pF 


SWITCHING CHARACTERISTICS 


Rise Time 

(V C c = 80 Vdc, l C = 10 A, V BE(off ) = 6.0 Vdc. I B1 = 1.0 Adc) 

t r 

- 

0.3 

MS 

Storage 

(V C c = 80 Vdc, l C = 10 A, V BE ( off ) = 6.0 Vdc, I B1 = l B 2 = 1.0 Adc) 

t s 

- 

1.0 

MS 

Fall Time 

(Vcc = 00 Vdc, lc = 10 A,V BE ( 0 ff) = 6.0 Vdc, l B i = l B 2 = 1.0 Adc) 

tf 

- 

0.25 

MS 


‘Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <J300 ms; Duty Cycle <J2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 


+9.0 V- 
0 - 


-11 V 
10 ms 



t r , tf 10 ns 


Note- For information on Figures 3 and 6, Rb and Rq were 
varied to obtain desired test conditions. 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

1C, COLLECTOR CURRENT (AMP) 
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2N6436, 2N6437, 2N6438 (continued) 


FIGURE 4 - THERMAL RESPONSE 



t ( TIME (ms) 


FIGURE 5 -ACTIVE REGION SAFE OPERATING AREA 



3.0 5.0 7.0 10 20 30 50 70 100 200 

VCE' COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IqVcE l ' m,ts °* the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) < 200°C. Tjjpk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 



1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 
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Ic, COLLECTOR CURRENT (juA) 
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2N6441 (SILICON) 

thru 


2n6448 



^MAXIMUM RATING 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

45 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

10 

mAdc 

Total Power Dissipation @ = 25°C 

Pd<d 

550 

mW 

Derate above 25°C 


3.14 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D <1) 

1.4 

Watts 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 





(1 ) One die or both die with equal power 


THERMAL CHARACTERISTICS 







2N6441 thru 2N6448 (continued) 


THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

O) ATji = Rfl i Pqi + Rq 2 k 0 2 p D2 

Where ATji is the change in junction temperature of die 1 
Rfl i and Rq2 ' s the thermal resistance of die 1 and die 2 
Pq-j and P[)2 ' s the power dissipated in die 1 and die 2 
«02 'S the thermal coupling between die 1 and die 2. 

An effective package thermal resistance can be defined as 
follows: 

(2) Rfl(EFF) = ATjt/Pdj 


Assuming equal thermal resistance for each die, equation (1) 
simplifies to: 

(3) ATji = j (P D1 + K 02 p D2> 

For the conditions where Pp^ = Pq2> p DT = 2 Pq, equation 
(3) can be further simplified and by substituting into equation (2) 
results in : 

R 0(EFF) = R 01 (1 + K e2 ) 12 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1. 


Where Pqj is the total package power dissipation. 

^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

| Characteristic | Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

OC = lOmAdc, l B = 0) 

bv CEO 

45 

. 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = lOMAdc, l E = 0) 

BVq B o 

60 


Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, Iq = 0) 

bv EBO 

6.0 


Vdc 

Collector Cutoff Current 
(V C B = 4 5 Vdc, l E = 0) 

'CBO 


5 0 

nAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 

'EBO 


50 

nAdc 

Collector Cutoff Current 
(V CE = 5.0 Vdc, l B = 0) 

'CEO 


5 0 

nAdc 

Collector-Collector Leakage Current 
(V C i_C2 = 100 Vdc) 

'C1-C2 


5.0 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 10 MAdc, V CE = 5.0 Vdc) 2N6441 , 43, 45, 47 

2N6442, 44, 46, 48 

(lc = 100 MAdc, V CE =50 Vdc) 2N6441 , 43, 45, 47 

2N6442, 44, 46,48 

(1C = 100 MAdc, V C E = 5.0 Vdc, T A = -55°C) 

2N6441 , 43, 45, 47 

2N6442, 44, 46, 48 

(1C = 1.0 mAdc, V C E = 5.0 Vdc) 2N6441 , 43, 45, 47 

2N6442, 44, 46, 48 

hFE 

60 

120 

100 

200 

30 

60 

125 

250 

240 

600 


Collector-Emitter Saturation Voltage 
(lc = 10 mAdc, l B = 0.1 mAdc) 

v CE(sat) 


0.3 

Vdc 

Base-Emitter On Voltage 
(1 C = 100 MAdc, Vce = 5.0 Vdc) 

v BE(on) 


0 7 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l c = 0.5 mAdc, V C E = 5.0 Vdc, f = 20 MHz) 

*T 

160 

- 

MHz 

Collector-Base Capacitance 

(V C b = 5.0 Vdc, l E = 0, f = 140 kHz) 

^cb 

" 

1.5 

pF 

Collector-Collector Capacitance 
(VC1-C2 = 

C C1-C2 


1.5 

pF 

Emitter-Base Capacitance 
(V BE = 0.5 Vdc, Iq = 0, f = 140 kHz) 

^eb 


2 0 

pF 

Noise Figure 

(1C = 1 0 MAdc, V CE = 50 Vdc, R s = 10 k ohms, BW = 15.7 kHz) 

(IC= lOMAdc, VcE = 5.0 Vdc, Rg = 10 k ohms, f = 1 0 kHz, BW = 20 Hz) 

NF 

- 

4.0 

3.0 

dB 


’Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width <300 ms, Duty Cycle < 2.0% 

(2) fj is defined as the frequency at which |hf e | extrapolates to unity 
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NF, NOISE FIGURE (dB) 


2N8441 thru 2N6448 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 

Symbol 

Min 

Max 

Unit 

•MATCHING CHARACTERISTICS 

DC Current Gain Ratio (3) 

hFEl/hFE2 



- 

<I C ~ 100 uAdc, Vce = 5.0 Vdc) 2N6441, 2N6442 


0.6 

1.0 


2N6443, 2N6444 


0.8 

1.0 


2N6445, 2N6446 


0.9 

1.0 


2N6447, 2N6448 


0.95 

1.0 


Base-Emitter Voltage Differential 

i v BE1- v BE2l 



mVdc 

(i c =■- 10 juAdc, V C e * 5.0 Vdc) 2N6441, 2 N6442 


- 

10 


2N6443, 2N6444 


— 

5.0 


2N6445 thru 2N6448 


- 

3.0 


(I C = 100 /uAdc, Vqe = 5.0 Vdc) 2N6441 , 2N6442 


- 

10 


2N6443, 2N6444 


— 

5.0 


2N6445 thru 2N6448 


_ 

3.0 

. 


Base-Emitter Voltage Differential Change 

A tV B E1- v BE2l 



mVdc 

Due to Temperature 





(IC = 100 AtAdc, V C E = 5.0 Vdc, T a = -55 to +25°C) 



i 


2N6441 , 2N6442 


— 

3.2 


2N6443, 2N6444 


- 

1.6 


2N6445 thru 2N6448 


- 

0.8 1 


(IC = 100 juAdc, V C E - 5.0 Vdc, T A = +25 to +125°C) 





2N6441 , 2N6442 


— 

4.0 


2N6443, 2N6444 


- 

2.0 


2N6445 thru 2N6448 


- 

1.0 



•Indicates JEDEC Registered Data 

(3) The lowest hpg reading is taken as hpgi for this ratio. 


NOISE FIGURE 
(V C E = 5.0 Vdc, T A = 25°C) 


FIGURE t - FREQUENCY EFFECTS 


FIGURE 2 - SOURCE RESISTANCE EFFECTS 



10 20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 


f, FREQUENCY (kHz) 



10 20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 


RS, SOURCE RESISTANCE (OHMS) 
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2n6497 (SILICON) 

2n6498 

2n6499 


HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 


• • designed for high voltage inverters, switching regulators and line- 
operated amplifier applications. Especially well suited for switching 
power supply applications in associated consumer products. 

• High Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 250 Vdc (Min) - 2N6497 
= 300 Vdc (Min) - 2N6498 
= 350 Vdc (Min) - 2N6499 

• Excellent DC Current Gain - 

hf=E = 10 - 75 @ lc = 2.5 Adc 

• Low Co I lector- Emitter Saturation Voltage @ Iq = 2.5 Adc — 

VCE(sat) = 1.0 Vdc (Max) - 2N6497 
= 1.25 Vdc (Max) - 2N6498 
= 1.5 Vdc (Max) - 2N6499 


5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250, 300, 350 VOLTS 
80 WATTS 



"MAXIMUM RATINGS 


Rating 

Symbol 

2N6497 

2N6498 

2N6499 

Collector-Emitter Voltage 

v CEO 

250 

300 

350 

Collector-Base Voltage 

CO 

o 

> 

350 

400 

450 

Emitter-Base Voltage 

< 

m 

03 


— 6.0 _ 


Collector Current — Continuous 



— 5.0 — 



Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Stud Torque 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
‘Indicates JEDEC Registered Data. 



STYLE 1 
PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

DIM [~mTn~ T "MAX MIN I MAX ] 

A 16.08 16.33 0,633 0.643 

B 12.57 12.83 0.495 0.505 

C 3.18 3.43 0.125 0.135 

D 0.51 0.76 0.020 0.03Q 

F ~~3.61 3.86 0.142 0 152~ 

G 2.54 BSC 0,100 BSC 

H "7.67 2.92 ~0.105|0.n5 

J 0.43 0.69 0.017 0.027 

K 14.73 14.99 0,580 0.590 

L 27l 6 2.41 -Q.085 10.095 

M 3° TYP 3° TYP 

N ~47 1.73 ~0.058 1 0.068 

Q 4,78 5.03 0.188 0.198 

B 1.91 2.16 0.075 0.085 

S 0.81 0.86 0.032 0.034 

T 6.99 7.24 0.275 0.285 

U 6.22 6.48 0.245 0.256 

1. DIM “G" IS TO CENTER LINE OF LEADS. 

CASE 199-04 
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2N6497, 2N6498, 2N6499 (continued) 


“ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

( 1 c = 25 mAdc, 1 q = 0) 

2N6497 

2N6498 

2N6499 

v CEO(sus) 

250 

300 

350 

- 

- 

Vdc 

Collector Cutoff Current 


*CEX 




mAdc 

(Vce = 350 Vdc, VgE(off) = 1 -5 Vdc) 

2N6497 


- 

- 

1.0 


(Vce = 400 Vdc, V0E(off) = 1-5 Vdc) 

2N6498 


- 

- 

1.0 


(V CE = 450 Vdc, VgE(off) = 1.5 Vdc) 

2N6499 


- 

- 

1.0 


(V CE = 175 Vdc, V BE ( 0ff) = 1.5 Vdc,T C = 100°C) 

2N6497 


- 

- 

10 


(V CE = 200 Vdc, V BE ( of f) = 1.5Vdc,T C = 100°C) 

2N6498 


- 

- 

10 


(Vce = 225 Vdc, V BE(of f) = 1 .5 Vdc, T C = 100°C) 

2N6499 


- 

- 

10 


Emitter Cutoff Current 


<EBO 

- 

- 

1.0 

mAdc 

(V BE = 6.0 Vdc, lc = 0) 








ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 2.5 Adc, V CE = 10 Vdc) 

(l c = 5.0 Adc, V CE = 10 Vdc) 

h FE 

10 

3.0 


75 


Collector-Emitter Saturation Voltage 


v CE(sat> 




Vdc 

(l c = 2.5 Adc, l B = 500 mAdc) 

2N6497 


-■ 

- 

1.0 



2N6498 


- 

- 

1.25 



2N6499 


- 

- 

1.5 


(l c = 5.0 Adc, l B = 2.0 Adc) 

All Devices 


- 

- 

5.0 


Base-Emitter Saturation Voltage 


v BE(sat) 




Vdc 

(l c = 2.5 Adc, l B = 500 mAdc) 



- 

- 

1.5 


(l C = 5.0 Adc, l B = 2.0 Adc) 



- 

- 

2.5 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 250 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 

fT 

5.0 

- 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

C 0 b 

" 

" 

150 

PF 


SWITCHING CHARACTERISTICS 


Rise Time 

(V CC = 125 Vdc, l C = 2.5 Adc, l B i = 0.5 Adc) 

tr 

- 

0.4 

0.8 

MS 

Storage Time 

(VCC = 1 25 Vdc, l C = 2.5 Adc, V BE = 5.0 Vdc, I B1 = l B2 = 0.5 Adc) 

t s 


1.4 

1.8 

MS 

Fall Time 

(V CC = 125 Vdc, l c = 2.5 Adc, I B1 = l B2 = 0.5 Adc) 

tf 


0.45 

0.8 

MS 


“Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

VCC 
+125 V 


,120 ms 


n 


+11 V 
0 


t r , tf <110 ns 
DUTY CYCLE = 1.0 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ifi «100 mA 
MSD6100 USED BELOW Ifi =100 mA 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 
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, r(t), EFFECTIVE TRANSIENT 

t, TIME (ms) 1C, COLLECTOR CURRENT (AMP) THERMAL RESISTANCE (NORMALIZED) 


2N6497, 2N6498, 2N6499 (continued) 


FIGURE 3 - THERMAL RESPONSE 



FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 
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5.0 7.0 10 20 30 50 70 100 200 300 500 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate \q - Vcj= limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 4 is based on Tq = 25°C; Tj(p|<) is 
variable depending on power level. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(pj<) <150°C. Tj(p|<) 
may be calculated from the data in Figure 3. At high case temp- 
eratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figure 4 may be found at any case temperature by using the 
appropriate curve on Figure 6. 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 



Tc, CASE TEMPERATURE (°C) 
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Ic, COLLECTOR CURRENT OjA) V, VOLTAGE (VOLTS) hfE. DC CURRENT GAIN 


2N6497, 2N6498, 2N6499 (continued) 


FIGURE 7 - DC CURRENT GAIN 
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FIGURE 8 - COLLECTOR SATURATION REGION 
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FIGURE 9 - "ON" VOLTAGES 
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FIGURE 10 - TEMPERATURE COEFFICIENTS 


_ 25° C to 1 50°C 

- -55°C to 25°C - 

4-l - fl4f 

- 25°C to 150°C - 
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1C, COLLECTOR CURRENT (AMP) 
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FIGURE 11 - COLLECTOR CUTOFF REGION 

i° V--| r -[■ - j- - | / 
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FIGURE 12 - CAPACITANCE 

^ — - Cjb 

Tj = 25°C 




3N 124 (SILICON) 

3n125 

3n126 



N-channel silicon annular tetrode -connected field- 
effect transistors, designed for low-power switching 
and amplifier applications in the audio through VHF 
frequency range, features high breakdown voltage, low 
transfer capacitance, and tetrode configuration for a 
broad range of applications. 


CASE 20 

TO-72 

2 STYLE 4 

PIN 1. SOURCE 

2. GATE 

3. DRAIN 

4. GATE 2- 
SUBSTRATEAND 
CASE 



MAXIMUM RATINGS 


Rating 



Unit 

Reverse Gate-Source Voltage 

Gate 1 

V G1S 

50 

Vdc 

Gate 2 

V G2S 

50 


Drain- Source Voltage 

V DS 

50 

Vdc 

Drain- Gate Voltage 

Gate 1 

— 

50 


Gate 2 


50 

mmk 

Gate 1-Gate 2 Current 

1 G1G2 

1.0 

mAdc 

Gate 2 -Gate 1 Current 

I G2G1 

1.0 


Gate Current 

Gate 1 

l Gl 

20 

mAdc 

Gate 2 

l G2 

20 


Drain Current 

l D 

20 


Junction Operating Temperature 

Tj 

175 

°c 

Storage Temperature Range 

Tstg 

-65 to +175 

°c 

Total Device Dissipation @ T* = 25°C 

mm 

300 

mW 

Derate Above 25°C 

1.71 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

p D 

800 

mW 

Derate Above 25°C 

4.57 

mW/°C 
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3N124, 3N125, 3N126 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Gate-Source Breakdown Voltage 
(iG^lOMAdc, Vds =0, V G1G2 =0) 

V (BR)GSS 

50 


Vdc 

Gate Reverse Current 
(V GS' 25 Vdc. V Dg = 0, V OIG2 =0) 

< v gs ■ 25 VdC ’ V DS'°. ''G1C2- 0 ' -.150-0 

! gss 


0.250 

250 

nAdc 

Zero- Gate- Voltage Dram Current 

(V = 15 Vdc, V = 0, V - 0) 3N124 

DS G1G2 GS 3N125 

3N126 

l DSS 

0.2 

1.5 

3.0 

2.0 

4.5 

9.0 

mAdc 

Gate-Source Voltage 

<I D = 20 V DS - 15 Vdc ’ V G1G2 = 0) 3N124 

(I D = 150 pAdc, Vpg - 15 Vdc, V G1(J2 = 0) 3N125 

(I D = 300 pAdc, Vjjg = 15 Vdc, V G1G2 = 0) 3N126 

V GS 

0.2 

1.0 

1.5 

2.0 

3.0 

5.5 

Vdc 

Gate-Source Cutoff Voltage 

(V™, = 15 Vdc, I n = 1. 0 pAdc, V rlr , = 0) 3N124 

3N125 

3N126 

V GS(off) 

: 

-2.5 
-4.0 
- -6.5 

Vdc 

Gate 1-Source Cutoff Voltage 

(V^^SVdc, fD-l.OMAdc, V G 2 s = °) 

3N126 

V GlS(off) 


-5.0 

-8.0 

-18 

Vdc 

Gate 2-Source Cutoff Voltage 

(V_„ = 15 Vdc, I„ = 1.0 pAdc, V„.„ = 0) 3N124 

^ U Glb 3N125 

3N126 

V G2S(off) 


-8.0 

-14 

-26 

Vdc 

Gate 1-Gate 2 Reach Through Voltage 
(I rl „, = 10 pAdc, I. = 0, l n = 0) 3N124 

Glvj2 S D 3N125 

3N126 

V G1G2 

1.0 

3.0 

5.0 

| 

Vdc 

Gate 2-Gate 1 Reach Through Voltage 
(I = 10 pAdc, I =0, I = 0) 3N124 

G2G1 S ° 3N125 

3N126 

V G2G1 

2.0 

6.0 

10 

' 

Vdc 

Gate 1-Gate 2 Reach Through Drain Current 
(V DS = 15 Vdc, f Q1 = 10 fjAdc, V G2S ^ 0) 

r D 

- 

1.0 

/jAdc 

Gate 2-Gate 1 Reach Through Drain Current 
(V DS = 15 Vdc, I Q2 = 10 fjAdc, V G1S - 0) 

J D 


1.0 

(jAdc 


SMALL-SIGNAL COMMON -SOURCE CHARACTERISTICS 


Forward Transfer Admittance 
( V Ds = 15Vdc, V G1S = V G2S = 0, f= 1.0 kHz) 

Gate 1-Gate 2 3N124 

3N125 
3N126 

Gate 1 Only 3N124 

3N125 
3N126 

Gate 2 Only 3N124 

3N125 
3N126 

(V DS = 15 Vdc, V G1S = V G2S = 0, f = 100 MHz) 

Gate 1 Only 3N124 

3N125 
3N126 

! y f S l 

! y f S il 

1 V fs2 1 

l y fsll 

500 

800 

1200 

250 

400 

600 

200 

250 

400 

250 

400 

600 

2000 

2400 

3600 

1000 

1600 

2700 

800 

1000 

1200 

/imhos 

Output Admittance 

(V—j, = 15 Vdc, V = V =0, f = 1. 0 kHz) 3N124 

DS G1S G2S 3N125 

3N126 

y os 


2.0 

10 

20 

^unhos 

Input Capacitance 




pF 

( Vds = 15 Vdc, V G1S = V G2S = 0, f = 1.0 kHz) 





Gate 1-Gate 2 

C iss 

- 

14 


Gate 1 Only 

C issl 

- 

5.0 


Gate 2 Only 

C iss2 

- 

3.0 


Reverse Transfer Capacitance 




pF 

(Vds = 1 5 Vdc, V G1S = V G2S =0, f= 1.0 kHz) 





Gate 1-Gate 2 

C rss 


2.0 


Gate 1 Only 

C rssl 


0.5 


Gate 2 Only 

C rss2 

- 

1.5 


Spot Noise Figure 

NF 



dB 

(V DS = 15 Vdc, V G1S = V G2g = 0, R g = 1.0 megohm, 



4.0 


f = 1.0 kHz, BW = 100 Hz) 







J yp 


Static Dram-Source "ON" Resistance 





(V =0, V = 0) 3N124 

DS(on) 

1000 


3N125 


750 


3N126 


500 



2-635 



NF, NOISE FIGURE MB) jy fc {, FORWARD TRANSFER ADMinANCE (m mhos) l 0 . DRAIN CURRENT (mA) 



1KC 

10 KC 

0.2 0.3 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

f, FREQUENCY (Hz) 



R t , SOURCE RESISTANCE (megohms) 






■ G 2 1 , FORWARD TRANSCONDUCTANCE (m mhos) G , , , INPUT CONDUCTANCE (m mhos) 

— B 2 i. FORWARD SUSCEPTANCE (m mhos) Bn. INPUT SUSCEPTANCE (m mhos) 


3N124, 3N125, 3N126 (continued) 


HIGH FREQUENCY y PARAMETER CHARACTERISTICS 

Vos - 15 Vdc, Vgs = 0. Ta - 25°C - GATE 2 CONNECTED TO SOURCE 


FIGURE 6 - INPUT ADMITTANCE 



10 20 50 70 100 200 

f, FREQUENCY (MHz) 


FIGURE 7 - REVERSE TRANSFER ADMITTANCE 



10 20 50 70 100 200 


t, FREQUENCY (MHz) 


FIGURE 8 - FORWARD TRANSFER ADMITTANCE 



10 20 50 70 100 200 

f, FREQUENCY (MHz) 


FIGURE 9 -OUTPUT ADMITTANCE 

5.o i 4— =4 . ..i i i_l.-l4.iu 



10 20 50 70 100 200 

f, FREQUENCY (MHz) 


TYPICAL PERFORMANCE USING THE 3N126 


+20 V 



BYPASS 


T 

X 


TRANSFORMED INPUT 
RESISTANCE as 2.0 k& 


BYPASS 


T 



C„ 




3N126 \ 



1 0 megohm 

-vw- 


TRANSFORMED OUTPUT RESISTANCE a 2.5 kft 
• SHIELD 


,u; 


=j= BYPASS 

^ 1 0 megohm 


AGC 


CIRCUIT POWER GAIN = 80 dB* TYPICAL AT 105 MHz (AGC = O V) 


* Includes circuit losses. 
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sn 128 (SILICON) 


SILICON N-CHANNEL 
MOS FIELD-EFFECT TRANSISTOR 

. . . designed for VHF amplifier and oscillator applications in com- 
munications equipment. 

• High Forward Transadmittance - 

|yf s | = 5000 jumhos (Min) @ f = 1.0 kHz 

• Low Input Capacitance — 

Cj ss = 7.0 pF (Max) @f = 1.0 MHz 

• Low Noise Figure — 

NF = 5.0 dB (Max) @ f = 200 MHz 

• High Power Gain — 

Pq = 13.5 dB (Min) @ f - 200 MHz 

• Complete "y" Parameter Curves 

• Third Order Intermodulation Distortion Performance 

Curve Provided 


N-CHANNEL 
MOS FIELD-EFFECT 
TRANSISTOR 



* MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

+20 

Vdc 

Drain-Gate Voltage 

V DG 

+20 

Vdc 

Gate-Source Voltage 

V GS 

+ 10 

Vdc 

Drain Current 

*D 

50 

mAdc 

Power Dissipation @ T/\ = 25°C 

P D 

330 

mW 

Derate above 25°C 


2.2 

mW/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-65 to +175 

°C 

*1 ndicates JEDEC Registered Data. 





HANDLING PRECAUTIONS 

MOS field-effect transistors have extremely high input resistance. They 
can be damaged by the accumulation of excess static charge. Avoid possible 
damage to the devices while handling, testing, or in actual operation, by follow- 
ing the procedures outlined below 

1. To avoid the build-up of static charge, the leads of the devices should 
remain shorted together with a metal ring except when being tested or 
used 

2. Avoid unnecessary handling. Pick up devices by the case instead of the 
leads. 

3. Do not insert or remove devices from circuits with the power on be- 
cause transient voltages may cause permanent damage to the devices. 


STYLE 7 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 

4. CASE AND 
SUBSTRAT 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

D 

0.41 

0.53 

0.016 

0.021 

E 

- 

0.76 

_ 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

IP 

12.70 

- 

0.500 

_ 

L 

6.35 

- 

0.250 

- 

M 

45 c 

BSC 

45° 

1 BSC 

N 

1.27 BSC 

0.05C 

1 BSC 

P 

- 1 1.27 

- 

1 0.050 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 
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3N128 (continued) 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit j 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(l G = -10/uAdc, V D s = 0) 

V (BR)GSS 

-50 


Vdc 

Gate-Source Cutoff Voltage 

(V DS = 15 Vdc, l D = 50 juAdc) 

v GS(off) 

-0.5 

-8.0 

Vdc 

Gate Reverse Current 

(V GS = -8.0 Vdc, V DS = 0) 

(V GS = -8.0 Vdc, V DS = 0, T A = 125°C) 


■BHj 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current (1) 

(V ds = Vdc, V G s = 0) 

'DSS 

5.0 

25 

mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance 

(V DS = 15 Vdc, l D = 5.0 mAdc, f - 1.0 kHz) 

Ivfsj 

5000 

12,000 

jumhos 

Forward Transconductance 

(V D S = 15 Vdc, l D = 5.0 mAdc, f = 200 MHz) 

Re(y fs ) 

5000 


jumhos 

Output Conductance 

(V DS = 15 Vdc, l D = 5.0 mAdc, f = 200 MHz) 

Re(y os ) 


500 

jumhos 

Input Conductance 

(V DS = 15 Vdc, l D = 5.0 mAdc, f = 200 MHz) 

Re(y js ) 



jumhos 

Input Capacitance 

( V DS = 15 Vdc, l D = 5.0 mAdc, f - 1.0 MHz) 

C|SS 


7.0 

pF 

Reverse Transfer Capacitance 

(V DS = 15 Vdc, l D = 5.0 mAdc, f = 1.0 MHz) 

c rss 


0.28 

pF 

Noise Figure 

(V DS = 15 Vdc, l D = 5.0 mAdc, f = 200 MHz) 

NF 


5.0 

dB 






3 N 128 (continued) 


TYPICAL 1 kHz DRAIN CHARACTERISTICS 

(T A = 25°C, V DS = 15 Vdc, f = 1.0 kHz) 

FIGURE 3 - FORWARD TRANSADMITTANCE FIGURE 4 - FORWARD TRANSADMITTANCE 

versus GATE BIAS VOLTAGE versus DRAIN CURRENT 



Vgs, GATE-SOURCE VOLTAGE (VOLTS) lo, DRAIN CURRENT (mA) 

TYPICAL 200 MHz COMMON-SOURCE ADMITTANCE CHARACTERISTICS 

(T A = 25°C, V DS = 15 Vdc, f = 200 MHz) 


FIGURE 5 - INPUT ADMITTANCE (y js ) COMPONENTS FIGURE 6 - FORWARD TRANSADMITTANCE (y fs ) COMPONENTS 



IQ, DRAIN CURRENT (mA) «D, DRAIN CURRENT (mA) 


FIGURE 7 - REVERSE TRANSADMITTANCE (y rs ) COMPONENTS FIGURE 8 - OUTPUT ADMITTANCE (y os ) COMPONENTS 



0 2 0 4 0 6 0 8.0 10 0 2 0 4 0 6.0 8 0 10 

In, DRAIN CURRENT (mA) Id. DRAIN CURRENT (mA) 
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OUTPUT POWER PER TONE (dBm) PG POWER GAIN (dB) 


3N128 (continued) 


FIGURE 9 - POWER GAIN AND NOISE FIGURE 
versus DRAIN CURRENT 


FIGURE 10 - POWER GAIN AND NOISE FIGURE 
versus DRAIN VOLTAGE 




Vq, DRAIN VOLTAGE (VOLTS) 


FIGURE 11 - THIRD ORDER INTERMODULATION DISTORTION 



Figure 11 shows the typical third order mtermodulation dis- 
tortion (!MD) performance of the 3N128 at 200 MHz. 

Both fundamental output and third order IMD output charac- 
+ eristics are plotted The curves have been extrapolated to show 
xhe third order mtermodulation output intercept point 

Performance for drain currents from I qsS xo 0 .1 *DSS' IS given 

The power gain and noise figure test amplifier shown m Figure 12 
was used to generate the IMD data. 


FIGURE 12 - POWER GAIN, NOISE FIGURE AND INTERMODULAR ON DISTORTION TEST CIRCUIT 



LI = 4-1/2 turns #20 AWG wire, 3/16" diameter, 
approximately 1/2" long, tapped 1 turn from 
ground end. 

L2 = 3-1/2 turns #20 AWG vvire, 3/8" diameter, 
approximately 1/2" long 
*Leadless-type disc capacitor 
^Neutralization fixed for a Transistor having a 
Typical value of C rss (0.13 pF) 
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NF, NOISE FIGURE (dB) 






3n140 (SILICON) 


N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 
MOS FIELD-EFFECT TRANSISTOR 


Depletion mode (Type B) dual-gate transistor designed for VHF 
amplifier and mixer applications. 

• Silicon-Nitride Passivation for Excellent Long Term Stability 

• High Common-Source Power Gain — 

G ps = 16 dB (Min) @f = 200 MHz 

• Low Reverse Transfer Capacitance — 

C rss = 0.02 pF (Typ) @ VqS = 13 Vdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

V DS 

0 to +20 

Vdc 

Drain-Gate 1 Voltage 

V DG1 

20 

Vdc 

Drain-Gate 2 Voltage 

V 

V DG2 

20 

Vdc 

Reverse Gate 1 -Source Voltage 

V GSl(r) 

-8.0 

Vdc 

Reverse Gate 2 -Source Voltage 

V GS2(r) 

•8.0to0.4V Dg 

Vdc 

Forward Gate 1 -Source Voltage 

V GSl(f) 

+1.0 

Vdc 

Forward Gate 2 -Source Voltage 

V GS2(f) 

°- 4V DS 

Vdc 

Drain Current 

h> 

50 

mAdc 

Total Device Dissipation @T. = 25° C 

Derate above 25° C 

P D 

400 

2. 67 

mW 
mW/° C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-65 to +175 

°C 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 


N-CHANNEL 

DUAL-GATE 
MOS FIELD-EFFECT 
TRANSISTOR 

Type B 



SEATING 

PLANE 


STYLE 7 
PIN 1. 
2 . 

3. 

4. 


DRAIN -^|U_ D 
SOURCE 
GATE 
CASE AND 
SUBSTRATE 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

D 

0.41 

0.53 

0.016 

0.021 

E 

- 

0.76 

- 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 ! 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

M 

45°BSC 

45 s 

1 BSC 

N 

1.27 

BSC 

0.050 

1 BSC 

P 

1-1.27 _ 

- 

1 0.050 


ALL JED EC dimensions and notes apply 


CASE 20-03 
TO-72 
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3N140 (continued) 


ELECTRICAL CHARACTERISTICS (T a = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

■•i 

OFF CHARACTERISTICS 





Gate 1 -Source Cutoff Voltage 

V GlS(off) 



Vdc 

j 

( V Dg = +16 Vdc, ^ = 200 n Adc, V G2g = +4. 0 Vdc) 

-0.5 

-4.0 


] 

Gate 2 -Source Cutoff Voltage 

V G2S(off) 



Vdc 

i| 

(V Dg = +16 Vdc, ^ = 200 M Adc, V Glg = 0) 

-0.5 

-4.0 


! 

Gate 1 -Reverse Current 

X G1SS 



nAdc 


< V G1S “ 20 Vdc ' V G2S = °’ V DS = 0) 

- 

1.0 


4 

•I 

(VGlS = 20VdC ' V DS=°’ V G2S = 0 ’ T A = 125 ° C) 


- 

0.2 

juAdc 


| 

Gate 2 -Reverse Current 

I G2SS 



nAdc 

* 

< V G2S - 20 Vdc > V G1S ‘ °> V DS ■ °> 

- 

1.0 


| 

< V G2S ' 20 Vdc > V DS * °’ V G1S ' °> T A * 125 ° C) 



0.2 

juAdc 

1 

ON CHARACTERISTICS 




! 

Zero-Gate Voltage Drain Current 

tss 



mAdc 


< V DD =+14Vdc ’ V G1S'°> V G2S =+14Vdc) 

5.0 

30 


| 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transconductance 

( V DD = +14 Vdc > t = 10 mAdc > V G2S = +4, 0 Vdc ’ f = 1 * 0 kHz) 

Re(y fs )** 

6000 

18,000 

jimhos 

Input Capacitance 

(V Dg = +13 Vdc, = 10 mAdc, V G2g = +4. 0 Vdc, f = 1. 0 MHz) 

c. 

iss 

3.0 

7.0 

pF 

Reverse Transfer Capacitance 

(V Dg = +13 Vdc, Iq = 10 mAdc, V Q2g = +4. 0 Vdc, f = 1.0 MHz) 

C * 
rss 

0.01 

0.03 

pF 

Common-Source Noise Figure (See Figure 1) 

(V_ = +15 Vdc, R 0 = 275 Ohms, R_ = 50 Ohms, f = 200 MHz) 

DD o G 

NF 

- 

4.5 

dB 

Power Gain (See Figure 1) 

(f = 200 MHz) 

G 

ps 

16 

22 

. . 

dB 

Bandwidth (See Figure 1) 

(f = 200 MHz) 

BW 

9.5 

14.5 

MHz - 


*Drain-to-Gate 1 
**Gate 1 -to -Drain 


FIGURE 1 - 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
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3N 1 55,A (SILICON) 
3N 1 56/A 



CASE 20 

(TO-72) 


P-channel silicon nitride passivated MOS field-effect enhance- 
ment mode transistors designed for chopper and switching 
application. 


2 STYLE 2 

PIN 1. SOURCE 

2. GATE 

3. DRAIN 

4. SUBSTRATE AND 

4 CASE LEAD 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

v 

V DS 

35 

Vdc 

Drain -Gate Voltage 

V 

V DG 

35 

Vdc 

Gate -Source Voltage 

V GS 

50 

Vdc 

Drain Current 

[ D 

30 

mAdc 

Total Device Dissipation @ T. = 25°C 

P D 

300 

mW 

Derate above 25°C ‘ 

1.7 

mW/°C 

Operating Junction Temperature Range 

T J 

-65 to +175 

°C 

Storage Temperature Range 

T 

Stg 

-65 to +200 

°c 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 
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3N155,A, 3N156,A (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(I D = -10 /I Adc, V Q = V g = 0) 

V (BR)DSS 

35 

- 

- 

Vdc 

Gate Reverse Current 


J GSS 




pAdc 

(V GS = + 50 Vdc, V DS = 0) 


- 

- 

1000 


(V Gg = +25 Vdc, V Dg = 0) 



- 

- 

10 


Zero-Gate Voltage Drain Current 


^SS 




nAdc 

(V DS = -l°Vd c , Vgs = 0) 

3N155, 3N156 

- 


1. 0 


3N155A, 3N156A 


- 


0.25 


(V DS . -10 Vdc, V GS - 0, T a - 125* 

C) 3N155, 3N156 


- 

- 

1000 


3N155A, 3N156A 


- 

- 

250 


Resistance Drain Source 

(I D - 0, v GS - 0) 

R DS(off) 

Ixl0 +10 

- 

- 

Ohms 

Resistance Gate Source Input 
( V Gs = -25 Vdc) 

R GS 

- 

1 x 10 +16 

- 

Ohms 


ON CHARACTERISTICS 


Gate Source Threshold Voltage 


V GS(TH) 




Vdc 

( V DS = ' 10 Vdc > *D = " 10 ^Adc) 

3N155, 3N155A 

1. 5 

- 

3.2 


3N156, 3N156A 


3.0, 

- 

5. 0 


Drain Source "ON" Voltage 


V DS(on) 




Vdc 

(L = -2. 0 mAdc, V^ c = -10 Vdc) 

U LrO 


- 

- 

-1.0 


Gate Forward Leakage Current 


J G(f) 




pAdc 

(V GS = -50 Vdc, V DS = 0) 


- 


1000 


(V GS = -25 Vdc, V Dg = 0) 



- 

- 

10 


"ON" Drain Current 


*D(on) 




mAdc 

(V Dg = -15 Vdc, V QS = -10 Vdc) 


5. 0 


- 


Static Drain-Source "ON" Resistance 


r DS(on) 




Ohms 

(I D = 0 mAdc, V QS = -10 Vdc) 

3N155, 3N156 

- 

- 

600 


3N155A, 3N156A 


- 

- 

300 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 

(V„ c = -10 Vdc, L. = 0, f = 1. 0 kHz) 3N155, 3N156 

U 3N155A, 3N156A 

(V rC! = -15 Vdc, I = 0, f = 1. 0 kHz) 3N155, 3N156 

D 3N155A, 3N156A 

r ds(on) 

_ 

- 

600 

300 

500 

250 

Ohms 

Forward Transfer Admittance 
(V DS = -15 Vdc, I D = -2. 0 mAdc, f = 1. 0 kHz) 

l^fsl 

1000 

- 

4000 

p. mhos 

Input Capacitance 

(V Dg = -15 Vdc, V QS = -10 Vdc, f = 140 kHz) 

^iss 

- 

- 

5.0 

pF 

Reverse Transfer Capacitance 
( V DS = 0, V GS = 0, f = 140 kHz) 

C 

rss 

- 

- 

1.3 

pF 

Drain-Substrate Capacitance 
(V D(SUB) = - 10 Vdc - f = 140kHz ) 

^d(sub) 

4.0 

- 

- 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Delay 

(V DD = -l°Vd c , I D(on) = -2.0 mAdc, 
V GS(onr- 10VdC > V GS(oflr°> 

Test Circuit given in Figure 1 

‘d 

- 

* 

45 

MS 

Rise Time 

‘r 

- 


65 

ns 

Turn-Off Delay 

‘s 

- 


60 

ns 

Fall Time 

h 

- 


100 

ns 
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td2. TURIM-OFF DELAY TIME (ns) tdl. TURN-ON DELAY TIME (ns) 


3N155,A, 3N156,A (continued 1 ) 


SWITCHING CHARACTERJSTICS 

T A = 25°C 

FIGURE 7 - TURN-ON DELAY TIME 


FIGURE 8 - RISE TIME 



FIGURE 9 - TURN-OFF DELAY TIME 




Id, drain CURRENT (mA) 


m l I I 1 II 

-0.5 -1 0 


-2 0 -5.0 -10 

Id, DRAIN CURRENT (mA) 



FIGURE 11 - SWITCHING CIRCUIT and WAVEFORMS 




The switching characteristics shown above were measured in a test circuit similai to 
Figure 11 At the beginning of the switching interval, the gate voltage is at ground and 
the gate-source capacitance (Cgs = Ciss - C rS s) has no charge The drain voltage is at 
Vdq, and thus the feedback capacitance (C r ss) > s charged to Vdd Similarly, the drain- 
substrate capacitance (Cd(sub))is charged to Vqd since the substrate and source are con- 
nected to ground 

During the turn-on interval, Cg$ is charged to Vqs (the input voltage) through Rg 
( generator impedance) (Figure 12). C rS s must be discharged to Vqs - Vo(on) through 
RGand the parallel combination of the load resistor (Rq) and the channel resistance 
( rtfs). In addition, Cd(sub) IS discharged to a low value (VQ( on ))through Rom parallel 
with d s During turn-off this charge flow is reversed 

Predicting turn-on time proves to be somewhat difficult since the channel resistance 
( rds) is a function of the gate-source voltage (Vqs)- As Cg S becomes charged Vgs is ap- 
proaching Vj n and rds decreases (see Figure 4) and since C r$ s and Cd(sub) are charged 
through rds, turn-on time is quite non-linear. 

If the charging time of Cg S is short compared to that of Crss and Cd(sub), then rds 
(which is in parallel with R d) will be low compared to Rq during the switching interval 
and will largely determine the turn-on time. On the other hand, during turn-off rds will 
be almost an open circuit requiring C r ssand Cd(sub) to be charged through Ro and result- 
ing in a turn-off time that is long compared to the turn-on time. This is especially notice- 
able for the curves where Rq = 0 and C gs is charged through the pulse generator imped- 
ance only. 

The switching curves shown with Rg = Rd simulate the switchingbehavior of cascaded 
stages where the driving source impedance is normally the same as the load impedance. 
The set of curves with Rq= 0 simulates a low source impedance drive such as might occur 
in complementary logic circuits. 

FIGURE 12 - SWITCHING CIRCUIT with MOSFET 
EQUIVALENT MODEL 
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3n1 57,A (SILICON) 

3n1 58,A 



CASE 20 

(TO-72) 


P-channel silicon nitride passivated MOS field-effect enhance- 
ment mode transistors designed for chopper and switching 
application. 


2 STYLE 2 

PIN 1. SOURCE 

2. GATE 

3. DRAIN 

4. SUBSTRATE AND 
CASE LEAD 



MAXIMUM RATINGS 


Rating 

Symbol 

3N157 

3N158 

3N157A 

3N158A 

Unit 

Drain-Source Voltage 

v 

V DS 

35 

50 

Vdc 

Drain-Gate Voltage 

V DG 

35 

50 

Vdc 

Gate-Source Voltage 

V GS 

50 

Vdc 

Drain Current 

l D 

30 

mAdc 

Total Device Dissipation @ T. = 25°C 

P D 

300 

mW 

Derate above 25°C 

_ . i, 

7 

mW/°C 

Operating Junction Temperature Range 

T J 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 
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3N157,A, 3N158,A (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 


V (BR)DSS 




Vdc 

(I = -10 ix Adc, V Q = V g = 0) 

3N157, 3N158 

35 

- 

- 



3N157A, 3N158A 


50 

- 

- 


Gate Reverse Current 


r GSS 




pAdc 

(V GS = +25 Vdc, V DS = 0) 


- 


10 


Zero-Gate Voltage Drain Current 


X DSS 





(V DS = -15 Vdc, V GS = 0) 

3N157, 3N158 

- 

- 

1.0 

nAdc 

3N157A, 3N158A 


- 

- 

0.25 


(V DS = -35 Vdc, V QS = 0) 

3N157, 3N158 


- 

- 

10 

H Adc 

(V Dg = -50 Vdc, V Gg = 0) 

3N157A, 3N158A 


- 

- 

10 


Input Resistance 


r gs 


Ixl0 +12 


Ohms 

(V QS = -25 Vdc) 


- 

- 



ON CHARACTERISTICS 


Gate-Source Threshold Voltage 


V GS(TH) 




Vdc 

(V DS = -15 Vdc, I D = 

-10 /iAdc) 

3N157, 3N157A 

1. 5 

- 

3.2 



3N158, 3N158A 


3.0 

- 

5.0 


Gate -Source Voltage 



v 

GS 




Vdc 

(V DS = -15 Vdc, I D = 

-0. 5 mAdc) 

3N157, 3N157A 

1.5 

- 

5. 5 



3N158, 3N158A 


3.0 

- 

7.0 


Gate Forward Current 



^(f) 




pAdc 

(V GS = -25 Vdc, V DS 

= 0) 



- 

10 

(V GS = -2 5 Vdc, V DS 

= 0, T a = + 55°C) 



- 


10 

nAdc 

"ON" Drain Current 



! D(on) 

: 



mAdc 

(V DS = -15 Vdc, V GS 

= -10 Vdc) 


5.0 

- 

- 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(V DS = -15 Vdc, I D = -2. 0 mAdc, f = 1. 0 kHz) 

l y fs| 

1000 

_ 

4000 

a mhos 

(V Dg = -15 Vdc, V QS = -15 Vdc, f = 1. 0 kHz) 


1800 

- 

- 


Output Admittance 

( V DS = ” 15 Vdc> ! D = “ 2 ‘ ° mAdc > f = !• 0 kHz) 

| y os| 

- 


60 

(i mhos 

Input Capacitance 

(V DS = -15 Vdc, V Gg = 0, f - 140 kHz) 

C iss 

- 

- 

5.0 

pF 

Reverse Transfer Capacitance 
(V DS = -15 Vdc, V QS = 0, f = 140 kHz) 

C 

rss 

- 

" 

1.3 

pF 

Drain-Substrate Capacitance 
< V D(subr - 10 Vdc ’ 

^d(sub) 

- 

- 

4.0 

pF 

Noise Voltage 
(R g = 0, BW = 1.0 Hz, 

e n 

_ 

300 

_ 

N V/Hi 

V DS = ' 15 Vdc ’ i d = - 2 - 0 mAdc ’ f = 100 Hz ) 

(R g = 0, BW = 1.0 Hz, 

V Dg =-15Vdc, I D =-2.0 mAdc, f = 1. 0 kHz) 


- 

120 

500 
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3N157,A, 3N158,A (continued) 


FIGURE 1 - FORWARD TRANSCONDUCTANCE 


FIGURE 2 - OUTPUT TRANSCONDUCTANCE 




FIGURE 3 - FORWARD TRANSCONDUCTANCE 
versus TEMPERATURE 



FIGURE 4 -BIAS CURVE 



-m l I I /III 1 I I I I I I I I I I 

0 - 2.0 - 4.0 - 6.0 - 8.0 -10 -12 -14 


VgS, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 5 - "ON" DRAIN-SOURCE VOLTAGE FIGURE 6 - EQUIVALENT INPUT NOISE VOLTAGE 
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td2, TURN-OFF DELAY TIME (ns) trfl, TURN-ON DELAY TIME (ns) 


3N157,A, 3N158,A (continued) 


SWITCHING CHARACTERISTICS 

(Ta = 25 °c) 

FIGURE 7 - TURN-ON DELAY TIME FIGURE 8 - RISE TIME 



:.u i i 1 1 — i — i 1 i i i i 1 1 1 — k_i 

-0.5 -1.0 -2.0 -5.0 -10 

Id, DRAIN CURRENT (mA) 


FIGURE 9 - TURN-OFF DELAY TIME 



-0.5 -1.0 -2.0 -5 0 -10 


Id, DRAIN CURRENT (mA) 



-0.5 -1.0 -2.0 -5 0 -10 

Id, DRAIN CURRENT (mA) 


FIGURE 10- FALL TIME 



ID, DRAIN CURRENT (mA) 


FIGURE 11 - SWITCHING CIRCUIT and WAVEFORMS 





The switching characteristics shown above were measured in a test circuit similar to 
Figure 11 At the beginning of the switching interval, the gate voltage is at ground and 
the gate-source capacitance (C gs = Cjss - C rS s) has no charge. The drain voltage is at 
Vdd, and thus the feedback capacitance (C rss ) is charged to VoD- Similarly, the drain- 
substrate capacitance (Cd(sub))is charged to Vdd since the substrate and source are con- 
nected to ground. 

During the turn-on interval, Cn S is charged to Vqs (the input voltage) through R0 
(generator impedance) (Figure 12). C rss must be discharged to Vqs - Vo(on) through 
RGand the parallel combination of the load resistor (R □ ) and the channel resistance 
( rds). In addition, Cd(sub) is discharged to a low value (Vo(on))through Rd in parallel 
with rds- During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel resistance 
( rds) is a function of the gate-source voltage (Vqs)- As Cgs becomes charged Vqs is ap- 
proaching Vj n and rds decreases (see Figure 5) and since C r ss and Cd(sub) are charged 
through rds, turn-on time is quite non-linear. 

If the charging time of Cgs is short compared to that of C r ss and Cd(sub), than r ds 
(which is in parallel with Rq) will be low compared to Rd during the switching interval 
and will largely determine the turn-on time. On the other hand, during turn-off rds will 
be almost an open circuit requiring C rs s and Cd(sub) to be charged through Rd and result- 
ing in a turn-off time that is long compared to the turn-on time. This is especially notice- 
able for the curves where Rg = 0 and Cgs is charged through the pulse generator imped- 
ance only. 

The switching curves shown with Rg= Rd simulate the switching behavior of cascaded 
stages where the driving source impedance is normally the same as the load impedance. 
The set of curves with Rq = 0 simulates a low source impedance drive such as might occur 
in complementary logic circuits. 


FIGURE 12 - SWITCHING CIRCUIT with MOSFET 
EQUIVALENT MODEL 


-VOD <j 

J 

RG 1 

A A A n II J 

> r d 

— ! 

hi h 

r~ I i 


> rds -T- Cd(sub) | 
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3NI 69 (SILICON) 
3N170 

3n17I 


SILICON N-CHANNEL 
MOS FIELD-EFFECT TRANSISTORS 


Enhancement Mode transistors designed for low-power switching 
applications. 

• Low Switching Voltages - VQS(th) 3.0 Vdc 

• Fast Switching Times -- t r < 10 ns 

« Low Drain-Source Resistance rcj s ( on ) = 200 Ohms (Max) 

• Low Reverse Transfer Capacitance C rss - 1.3 pF (Max) 

® Manufactured Using the New Silicon Nitride Process Resulting in 
a Stable VQS(th} anc * Gate Oxide Breakdown Protection to 
Typical Transients of ±150 Voits Peak 


MAXIMUM RATINGS (T/\ - 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

* Drain-Source Voltage 

V DS 

25 

Vdc 

* Drain-Gate Voltage 

V DG 

±35 

Vdc 

Gate-Source Voltage 

V(3S 

±35 

Vdc 

* Drain Current 

*D 

30 

mAdc 

Power Dissipation T^ ~ 25°C 

P D 

300 

mW 

Derate above 25°C 


1.7 

mW/°C 

Power Dissipation $ Tq = 25°C 

PD 

800 

mW 

* Derate above 2S°C 


4.56 

mW/°C 

Operating Junction Temperature 

Tj 

175 

°c 

* Storage Temperature Range 

f stg 

-65 to +200 

°C 
i 


*lndicates JEDEC Registered Data. 


HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 

3. Do not insert or remove devices from circuits with the power on because transient 
voltages may cause permanent damage to the devices. 


MOS FIELD-EFFECT 
TRANSISTORS 

N-CHANNEL 



source 

2. GATE 

3. DRAIN 

4. SUBSTRATE AND 
CASE LEAD 



DIM 

MIL LSWIETE RS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

5 31 

5.84 

0.209 

0.230 

r b 

4.52 

4.95, 

0.178 

0.195 

r c 

4.32 

^"5.33 

0.170 

0.210 

D 

0.41 

1 0.53 

0.016 

0.021 

E 

_ 

0.76 

... 

0.030 

F 

0.41 

0.48 

0.016 

0.019 

G 

2 54 BSC 

0.100 BSC 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.7 1 

1.22 

0.028 

0.048 

K 

nr?o 

_ 

0.500 

- 

L 

8.35 

- 

0.250 

- 

M 

r 45 r 

BSC 

45° BSC 

¥' 

1.27 BSC 

0.050 BSC 

p 

• ! 1.27 

- 1 0.050 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 
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3N169, 3N170, 3N171 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Substrate connected to source. 


Characteristic 

Figure No. 

Symbol 

Min 

Max 

Unit j 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 

_ 

V (BR)DSS 

25 


Vdc 

<I D = 10/uAdc, V GS = 0> 

; 





*Gate Leakage Current 

- 

! gss 



pAdc 

(V G S = ~35 Vdc, V DS = 0) 



- 

10 


(V G s = -35 Vdc, V DS = 0, T A = 125°C) 



- 

100 


*Zero-Gate-Voltage Drain Current 

- 

*DSS 

| 


nAdc 

(V DS = 10 Vdc, V GS = 0) 



- 

10 


(V DS = 10 Vdc, V G s = 0, T a = 1 25°C) 


! 


1.0 

MAdc 


*ON CHARACTERISTICS 


Gate-Source Threshold Voltage 
(V DS - 10 Vdc, l D = 10 M Adc) 

3N169 

3N170 

3N171 

- 

1 

| v GS(th) 

1 

| 

0.5 

1.0 

1.5 

1.5 

2.0 

3.0 

Vdc 

"ON” Drain Current 
(V GS = 10 Vdc, V DS = 10 Vdc) 


3 

! *D(on) 

j 

10 

- 

j mAdc 

i 

Drain-Source "ON" Voltage 
(l D = 10 mAdc, V GS - 10 Vdc) 


- 

| v DS(on) i 

L_ 

- 

2.0 

1 Vdc 

L 


SMALL SIGNAL CHARACTERISTICS 


* Drain-Source Resistance 

<V GS - 10 Vdc, 1 D = 0, f = 1.0 kHz) 

4 

r ds(on) 

- 

200 

Ohms 

Forward Transfer Admittance 
(Vqs = 10 Vdc, i D - 2.0 mAdc, f = 1.0 kHz) 

1 

IVfsi 

1000 

- 

Mmhos 

* Reverse Transfer Capacitance 
(Vos = 0, Vqs = 0, f = 1.0 MHz) 

2 

c rss 

- 

1.3 

pF 

* Input Capacitance 

(Vqs = 10 Vdc, Vqs = 0, f = 1.0 MHz) 

2 

c iss 

- 

! 

5.0 

pF 

* Drain-Substrate Capacitance 

(Vd(SUB) = 10 Vdc, f = 1.0 MHz) 

- 

Cd(suh) 

- 

5.0 | 

__ ! 

pF 


^SWITCHING CHARACTERISTICS 


Turn-On Delay Time 

(Vdd = 1° Vdc, iQ(on) = lOmAdc, 

v GS(on) =■ 10 Vdc, V GS { 0 ff) = 0, 

R G ' = 50 Ohms) 

6,10 

^(on) 

- 

3.0 

« | 

Rise Time 

7,10 

*r 

- 

10 

ns | 

Turn-Off Delay Time 

8,10 

x d(o1f) 

... 

3.0 

"i 

ns ! 

Fall Time 

9,10 

t f 

! 

15 | 

1 

ns j 


“indicates JE DEC Registered Data. 
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FIGURE 2 ~ CAPACITANCE 
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V DS( DRAIN-SOURCE VOLTAGE (VOLTS) i D , DRAIN CURRENT (mA) 


3N169, 3N170, 3N171 (continued) 



1.0 3.0 5.0 7.0 10 13 15 

V GS , GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 4 - DRAIN-SOURCE "ON" RESISTANCE 



1.0 3.0 5.0 7.0 10 13 15 

V ss , GATE-SOURCE VOLTAGE (VOLTS) 



2.0 4.0 6.0 8.0 10 12 14 15 


V GS , GATE-SOURCE VOLTAGE (VOLTS) 


2-654 



td(off), TURN-OFF DELAY TIME (ns) t d ( un ), TURN-ON DELAY TIME (ns) 


3N169, 3N170, 3N171 (continued) 


TYPICAL SWITCHING CHARACTERISTICS 

Ta = 25°C 



1.0 2.0 3.0 5.0 7.0 10 



1.0 2.0 3.0 5.0 7.0 10 


Id, drain CURRENT <mA) 


Id, DRAIN CURRENT (mA) 



1.0 2.0 3.0 5.0 7.0 10 



1.0 2.0 3.0 5.0 7.0 10 


Id, DRAIN CURRENT (mA) 


Id, DRAIN CURRENT (mA) 


FIGURE 10 - SWITCHING TIME TEST CIRCUIT 


INPUT 
(SCOPE A) 



VQS(on) 

4 - VQS(off) 


td(off) 


OUTPUT 
(SCOPE B) 



INPUT PULSE: 
t r < 0.33 ns 
tf < 0.33 ns 
PW = 0.4 ms 
D uty Cycle < 1.0% 


VDD 



Zj n < 50 Ohms 
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3n209 (SILICON) 
3n210 


N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 
MOS FIELD-EFFECT TRANSISTORS 

. . . depletion mode dual gate transistors designed and characterized 
for UHF communications applications 

• Two Packages Offered— 

Hermetic Metal TO-72 - 3N209 
Micro-H Plastic - 3N210 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• Zener Diode Protected Gates 

• Third Order Inter modulation Distortion Curve Provided 

• Common Source Power Gain — 

G ps = 10 dB (Min) @ f = 500 MHz 

• Noise Figure - 6.0 dB Max @ f = 500 MHz 


MAXIMUM RATINGS 


’Indicates JEDEC Registered Data. 


FIGURE 1 - MOS FET CIRCUIT SCHEMATIC 



N-CHANNEL 
DUAL GATE 
MOS FIELD-EFFECT 
TRANSISTORS 


Rating 

Symbol 

Value 

Unit 

’Dram — Source Voltage 

V DS 

25 

Vdc 

’Drain Gate Voltage 

V DG1 

30 

Vdc 


V DG2 

30 

Vdc 

Gate Current 

*G1R 

-10 

mAdc 


'GIF 

10 

mAdc 


>G2R 

-10 

mAdc 


*G2F 

10 

mAdc 

’Dram Current — Continuous 

*D 

30 

mAdc 



3N209 

3N210 


Total Power Dissipation @T^ = 25°C 

PD 

300 

350 

mW 

Derate above 25°C 


1.71 

2.80 

mW/°C 

’Storage Channel Temperature Range 

T$tg 

-65 to 

-65 to 

°C 



+200 

+175 


’Operating Channel Temperature 

^channel 

200 

150 

°C 

’Lead Temperature, 1/16” From Seated Surface 


260 

260 

°c 

for 10 Seconds 






d 



STYLE 9 

PIN I DRAIN 

2 GATE 2 

3 GATE 1 

4 SOURCE, 
SUBSTRATE 
AND CASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5 31 

5 84 

0 209 

0 230 


4 52 

4 95 

0 178 

0 195 

C 

4 32 

5 33 

0 170 

0 210 

0 

041 

0.53 

0016 

0 021 

E 


0 76 


0 030 

f 

041 

0 48 

0016 

0019 

G 

2 5' 

BSC 

0 101 

BSC 

H 

091 

1 17 

0 036 

0 046 

| 

071 

1 22 

0 028 

0 048 

K 

12 70 

- 

0 500 


L 

6 35 

- 

0 250 


M | 

45 s 

BSC 

w 

1 BSC 

' N 

1 27 BSC 

0 05C 

1 BSC 

P 

- 1 127 


[TobT 


ALL JEDEC dimensions an 


CASE 20-03 
TO-72 


Point of 
Case 

Temperatu re 
Measurement 



STYLE 1 

PIN 1 SOURCE 

2 DRAIN 

3 GATE 2 

4 GATE 1 


CASE 262-02 
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3N209, 3N210 (continued) 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) Substrate Connected to Source 

Characteristic j Symbol | Min j Typ | Max j Unit 


‘OFF CHARACTERISTICS 


Drain -Source Breakdown Voltage 
(l D = 10 MAdc, V G 1S = -4.0 Vdc, V G2 s = 4.0 Vdc) 

V (BR)DS 

25 

- 

~ 

Vdc 

Gate 1 — Source Forward Breakdown Voltage 
(Iqi = 10 mAdc, V G2 s * V DS = 0) 

V (8R)G1SSF 

7.0 

- 

22 

Vdc 

Gate 1 — Source Reverse Breakdown Voltage 
(Iqi = -10 mAdc, V G2 s = V DS = 

V (BR)G1SSR 

-7.0 

“ 

-22 

Vdc 

Gate 2 — Source Forward Breakdown Voltage 
(l G 2 =1 0 rT1 Adc Vqis = VQg = 0) 

V (BR)G2SSF 

7.0 

- 

22 

Vdc 

Gate 2 — Source Reverse Breakdown Voltage 
(*G2 = -10 mAdc V G i g = Vqs = 0) 

V (BR)G2SSR 

-7.0 

- 

-22 

Vdc 

Gate 1 — Source Cutoff Voltage 
(V DS = 15 Vdc, V G2 s = 4.0 Vdc, l D » 50 MAdc) 

v GlS(off) 

-0.1 

~ 

-4.0 

Vdc 

Gate 2 — Source Cutoff Voltage 

(V DS =15 Vdc, V G1S = 0 Vdc, l D = 50MAdc) 

v G2S(off) 

-0.1 

— 

-4.0 

Vdc 

Gate 1 — Terminal Forward Current 
(V G is = 6.0 Vdc, V G2 s = V D s = 0) 

! G1SSF 

- 

- 

20 

nAdc 

Gate 1 — Terminal Reverse Current 
(V G1 S = -6.0 Vdc, V G2S = V DS = 0) 

(V G1S = -6.0 Vdc, V G2S = Vqs = 0, T a - 1 50°C) 

! gissr 

- 

- 

-20 

-10 

nAdc 

MAdc 

Gate 2 — Terminal Forward Current 
( V G2S = 6 0 Vdc, V G1S = V DS = 0) 

'G2SSF 

— 

~ 

20 

nAdc 

Gate 2 — Terminal Reverse Current 
< V G 2S = ~6.0 Vdc, V G -| § = Vqs = 0) 

(V G 2S = -6.0 Vdc, V G1 s = V DS = 0, T A = 1 50°C) 

! G2SSR 

- 

~ 

-20 

-10 

nAdc 

MAdc 


‘ON CHARACTERISTICS 


Gate 1 — Zero Voltage Drain Current 

■dss 

5.0 

— 

30 

mAdc 

(V DS = 15 Vdc, V G1S =0, V G2S - 4.0 Vdc) 






SMALL SIGNAL CHARACTERISTICS 


‘Forward Transfer Admittance 

(V DS = 15 Vdc, V G2S - 4.0 Vdc, l D = 10 mAdc, f = 1.0 kHz) 

Yfs 

10 

13 

20 

mrrihos 

‘Input Capacitance 

(V DS = 15 Vdc, V G2S = 4.0 Vdc, l D >5.0 mAdc,f = 1.0 MHz) 

c iss 

— 

4.5 

7.0 

pF 

‘Reverse Transfer Capacitance 

(V DS = 1 5 Vdc, V G2S = 4.0 Vdc, l D > 5.0 mAdc,f = 1 .0 MHz) 

Crss 

0.005 

0.023 

0.03 

pF 

‘Output Capacitance 

(Vqs = 1 5 Vdc, V G2S = 4.0 Vdc, Iq > 5.0 mAdc, f = 1 .0 MHz) 

Coss 

0.5 

2.0 

4.0 

pF 

‘Common-Source Noise Figure (Figure 12) 

(Vqs = 1 5 Vdc, V G2S = 4.0 Vdc, Iq = 1 0 mAdc, f = 500 MHz) 

NF 

I 

4.5 

6.0 

dB 

‘Common-Source Power Gain (Figure 12) 

(Vqs = 15 Vdc, V G2S = 4.0 Vdc, Iq = 10 mAdc, f = 500 MHz) 

G ps 

10 

13 

20 

dB 

Bandwidth 

(Vqs = 15 Vdc, V G2S = 4.0 Vdc, 

Iq = 10 mAdc, f- 500 MHz) 

BW 

7.0 

- 

17 

MHz 


‘Indicates JEDEC Registered Data. 
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3N209, 3N210 (continued) 


TYPICAL SCATTERING PARAMETERS 


-Sn, INPUT REFLECTION COEFFICIENT 
versus FREQUENCY 


FIGURE 3 - S 12 , REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY 





210° 200° 190° 180° 170° 160° 150° 


30° 20° 10° 0 350° 340° 330° 


40° 400 

50° 50° 

60° 60° 
70° 70° 
80° 80° 
90° 90° 
100 ° 100 ° 
110 ° 110 ° 

120 ° 120 ° 

130° 130° 

140° 140° 



32 

31 

3C 

28 

28 

27 

2f 

2E 

2t 


150° 160° 170° 180° 190° 200° 210° 


FIGURE 4 - S 2 1, FORWARD TRANSMISSION 
COEFFICIENT versus FREQUENCY 


FIGURES ~ S 22 , OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 






gfs, FORWARD TRANSFER CONDUCTANCE (mmhos) gj s , INPUT CONDUCTANCE (mmhos) 


3N209, 3N210 (continued) 


TYPICAL COMMON-SOURCE ADMITTANCE PARAMETERS 

(Vqs = 15 Vdc, Vqs 2 = Ydc, Ip = 10 mAdc) 

FIGURE 6 - Yu, INPUT ADMITTANCE FIGURE 7 - Y-|2. REVERSE TRANSFER ADMITTANCE 

versus FREQUENCY versus FREQUENCY 

32 

28 

24 

20 

16 

12 

8.0 

4.0 

0 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 9 1.0 Jr 0 0.1 0 2 0.3 0.4 0 5 0.6 0.7 0.8 0.9 1.0 

f, FREQUENCY (GHz) f, FREQUENCY (GHz) 



FIGURE 8 - Y 21 , FORWARD TRANSFER ADMITTANCE FIGURE 9 - Y 2 2, OUTPUT ADMITTANCE 

versus FREQUENCY versus FREQUENCY 



The S and Y Parameters were Measured with a Hewlett Packard 
HP8542A Network Analyzer. 


2-659 


b os , OUTPUT SUSCEPTANCE (mmlTos) 9rs. REVERSE TRANSFER CONDUCTANCE (mmhos) 





3N209, 3N210 (continued) 


FIGURE 10 - POWER GAIN AND NOISE FIGURE versus SOURCE RESISTANCE 

(See Schematic Figure 12) 




50 70 100 300 500 700 1000 

RS, SOURCE RESISTANCE (OHMS) 


The Test Circuit shown in Figure 12 was used to generate Power Gain 
and Noise Figure as a function of Source Resistance curves. 


FIGURE 11 - THIRD ORDER INTERMODULATION DISTORTION 

(See Schematic Figure 12) 



INPUT POWER PER TONE (dBM) 


Figure 11 shows the typical third order intermodulation distortion 
HMD) performance of the 3N209 and 3N210 at 500 MHz. 

Both fundamental output and third order I MD output characteristics 
are plotted. The curves have been extrapolated to show the third order 
intermodulation output intercept point. 

The performance is typical for Ip between 5.0 mAdc and 10 mAdc. 
The test circuit shown in Figure 12 was used to generate the IMD Data. 
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50 n 

Input 


7 




w- 




' Output 


Cl = 1 .0-20 pF, JOHANSON Air Variable Cap. (14.5 pF Nominal) 
C2 = 1 .0-1 0 pF, JOHANSON Air Variable Cap (5.4 pF Nominal) 


C3, Cl 1 = 470 pF, Low Inductance Feedthru Cap. 

C4, C8, C9, C10= 250 pF, Low Inductance, UNDERWOOD Cap. (J-101) 
C5 » 0.4-6. 0 pF, JOHANSON Air Variable Cap. (0.92 pF Nominal) 

C6 » 1.0-10 pF, JOHANSON Air Variable Cap. (5.9 pF Nominal) 

C7 - 1.0-10 pF, JOHANSON Air Variable Cap (3.0 pF Nominal) 


LI = 2.52 x 0.1 inches 
L2 = 0.4 x 0.1 inches 
L3 - 1.23 x 0.2 inches 


On 2 sided glass Teflon, 1 02 . copper clad, 1/16" 

e R = 2.55 


V DD 


©Trademark of E.l. Dupont, DeNemours and Co., Inc. 
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4n25 

4n26 

4n27 

4n28 


NPN PHOTOTRANSISTOR AND 
PN INFRARED EMITTING DIODE 


. . . Gallium Arsenide LED optically coupled to a Silicon Photo 
Transistor designed for applications requiring electrical isolation, 
high-current transfer ratios, small package size and low cost; such as 
interfacing and coupling systems, phase and feedback controls, solid- 
state relays and general-purpose switching circuits. 


High Isolation Voltage — • 

V| S0 = 2500 V (Min) - 4N25 

1500 V (Min) - 4N26,4N27 
500 V (Min) - 4N28 • 

High Collector Output Current 
@ Ip = 10 mA - 

l c - 5.0 mA (Typ) - 4N25, 4N26 
3.0 mA (Typ) - 4N27, 4IM28 


Excellent Frequency Response — 
300 kHz (Typ) 

Fast Switching Times @ Iq = 10 mA 
t on = 0.87 jus (Typ) - 4N25, 4N26 
2.1 jus (Typ) -4N27, 4N28 
t off - 1 1 jus (Typ) - 4N25, 4N26 
5.0 jus (Typ) - 4N27, 4N28 


Economical, Compact, Duai-ln-Line Package 


*MAX IMUM RATINGS (T^ - 25°C unless otherwise noted) 


Rating 


Symbol 


Value 


Unit 


INFRARED LIGHT EMITTING DIODE 
PHOTOTRANSISTOR 
COUPLED PAIR 



INFRARED EMITTING DIODE MAXIMUM RATINGS 


Reverse Voltage 

V R 

3 0 

Volts 

Forward Current — Continuous 

'F 

80 

mA 

Forward Current — Peak 

>F 

3 0 

Amp 

Pulse Width - 300 n s, 2,0% Duty Cycle 




Total Device Dissipation @ T^ 25°C 

p D 

150 

mW 

Negligible Power in Transistor 




Derate above 25°C 


2.0 

mW/°C 


PHOTO TRANSISTOR MAXIMUM RATINGS 


Collector-Emitter Voltage 

v CEO 

30 

Volts 

Emittei -Collector Voltage 

v ECO 

7.0 

Volts 

Collector-Base Voltage 

v CBO 

70 

Volts 

Total Device Dissipation @ T^ - 25°C 

P D 

150 

mW 

Negligible Power in Diode 




Derate above 25°C 


2.0 

mW/°C 


TOTAL DEVICE RATINGS 


Total Device Dissipation @ T^ = 25°C 

Equal Power Dissipation in Each Element 

p D 

250 

mW 

Derate above ?5°C 


3 3 

mW/°C 

Junction Temperature Range 

Tj 

- 55 to + 1 00 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°C 

Soldering Temperature (10s) 


260 

°C 


* Indicates JEDFC Registered Data. 


FIGURE 1 - MAXIMUM POWER DISSIPATION 



Ftgurel is based upon using limit 
values in the equation 

T J1 - t A = r 0JA < p D1 + k 6 P D2> 
where 

Tji Junction Temperature (10Q°C) 

T a Ambient T emperature 
r 0JA Junction to Ambient Thermal 
Resistance (500°C/W) 

PqI Power Dissipation in One Chip 
P D2 Power Dissipation in Other Chip 
Kq Thermal Coupling Coefficient 
( 20 %) 

Example 

With P D1 - 90 mW in the LED 
@ Ta = 50°C, the transistor 
P D ( p D2) must b® 'ess than 50 mW. 


PIN 1 ANODE 

2 CATHODE 

3 N C 

4 EMITTER 

5 COLLECTOR 

6 BASE 



- nJA I J 

D F— — SEATING J -—I H 

PLANE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.38 

8.89 

0.330 

0.350 

B 

1.40 

1.65 

0.055 

0.065 

C 

2.92 

3.18 

0.115 

0.125 

D 

0.41 

0.51 

0.016 

0.020 

E 

0.64 

0.89 

0.025 

0.035 

F 

1.14 

1.40 

0.045 

0.055 

G 

2.54 

BSC 

0.10C 

BSC 

H 

1.57 

an 

0.062 

0.072 

J 

0.23 

0.28 

0.009 

0.011 

K 

2.54 

3.30 

0.100 

0.130 

L 

7.37 

7.87 

0.290 

0.310 

M 

_ 

5° 

_ 1 

5° 

N 

- 

1.27 

_ 

0.050 

R 

1.52 

1.78 

0.060 

0.070 
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4N25, 4N26, 4N27, 4N28(continued) 



“Reverse Leakage Current 

(V R = 3.0 V, R l = 1.0 M ohms) 


“Forward Voltage 
(l F =50 mA) 


Capacitance 

(V R =0 V, f = 1.0 MHz) 


PHOTOTRANSISTOR CHARACTERISTICS (T A = 25°C and Ip = 0 unless otherwise noted) 


“Collector-Emitter Dark Current 1 

(V C £ = 10 V, Base Open) 

“Collector-Base Dark Current 
(Vcb “ 10 V, Emitter Open) 

“Collector-Base Breakdown Voltage 
(l c = 100 pA, l E =0) 

“Collector-Emitter Breakdown Voltage 
(l c = 1 0 mA, l B =0) 

“Emitter-Collector Breakdown Voltage 
(l E = 100 nA, l B =0) 

DC Current Gain 

(V ce = 5.0V I c = 500mA) 

COUPLED CHARACTERISTICS (T A = 25°Cu 


4N25. 4N26, 4N27 


Isolation Resistance (2) 
(V = 500 V) 

“Collector-Emitter Saturatn 
(Iq =20 mA, Ip = 50 n 
Isolation Capacitance (2 
(V = 0, f = 1 0 MHz) 



(l c = 2 C mA, R|_ = 100 ohms. Figure 

SWITCHING CHARACTERISTICS 



listered Data (1 ) Pulse Test Pulse Width - 300 ps, Duty Cycle 2 0°., 

3 pins 1 and 2 are common and Photo Transistor pins 4, 5 and 6 ar< 
leld lr - 2 0 mA and i c = 2 0 mA p p at 10 kHz 



DC CURRENT TRANSFER CHARACTERISTICS 


FIGURE 2 — 4N25, 4N26 


FIGURE 3 - 4N27, 4N28 




l F , FORWARD DIODE CURRENT (mA) 


l F , FORWARD DIODE CURRENT (mA) 











v F , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


4N25 , 4N26 , 4N27 , 4N28 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 4 - DIODE FORWARD CHARACTERISTICS FIGURE 5 - COLLECTOR SATURATION VOLTAGE 




FIGURE 6 - TURN-ON TIME 




o 2 1 — i — J — L.JLJ i i i i lj 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

l c , COLLECTOR CURRENT (mA) 


FIGURE 8 - SATURATED SWITCHING TIME 
TEST CIRCUIT 


FIGURE 9 - DARK CURRENT versus 
AMBIENT TEMPERATURE 
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COLLECTOR OUTPUT CURRENT (NORMALIZED) 


4N25, 4N26, 4N27, 4N28 (continued) 



f, FREQUENCY (kH?) 


FIGURE 11 - FREQUENCY RESPONSE TEST CIRCUIT 



TYPICAL APPLICATIONS 

FIGURE 12 - ISOLATED MTTL FIGURE 13 - CQMPUTER/PERIPHERAL INTERCONNECT 

TO MOS (P-CHANNEL) LEVEL TRANSLATOR 




FIGURE 14 - POWER AMPLIFIER 


FIGURE 15 - INTERFACE BETWEEN LOGIC AND LOAD 
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4n29, 4n30 
4n31/ 4N 32 , 



NPN PHOTOTRANSISTOR AND PN INFRARED 
EMITTING DIODE 

. . . Gallium Arsenide LED optically coupled to a Silicon Photo 
Darlington Transistor designed for applications requiring electrical 
isolation, high-current transfer ratios, small package size and low 
cost; such as interfacing and coupling systems, phase and feedback 
controls, solid-state relays and general-purpose switching circuits. 

Excellent Frequency Response — 

30 kHz (Typ) 

Fast Switching Times @ Iq = 50 mA 
t on = 0.6 ms (Typ) 
t off = 1 7 ms (Typ) - 4N 29,30,31 
45 ms (Typ) - 4N32.33 

• Economical, Compact, Dual-ln-Line Package 


MAXIMUM RATINGS (T^ =■ 25°C unless otherwise noted) 

Rating | Symbol j Value j U nit j 

INFRARED-EMITTING DIODE MAXIMUM RATINGS 


Reverse Voltage 

V R 

3 0 

Volts 

Forward Current — Continuous 

'i 

80 

mA 

Forward Current — Peak 

(Pulse Width = 300 ms, 2.0% Duty Cycle) 

IF 

30 

Amp 

Total Power Dissipation @ T/\ = 25°C 

Negligible Power in Transistor 

P D 

150 

mW 

Derate above 25°C 


2.0 

mW/°C 


PHOTOTRANSISTOR MAXIMUM RATINGS 


Collector-Emitter Voltage 

VCEO 

30 

Volts 

Emitter-Collector Voltage 

v ECO 

5.0 

Volts 

Collector-Base Voltage 

v CBO 

30 

Volts 

Total Power Dissipation @ Ta = 25°C 

P D 

150 

mW 

Negligible Power in Diode 

Derate above ?5°C 


2.0 

mW/°C 


TOTAL DEVICE RATINGS 


Total Device Dissipation @ T/\ = 25‘°C 

p O 

250 

mW 

Equal Power Dissipation in Each Element 




Derate above 25°C 


3.3 

mW/°C 

Operating Junction Temperature Range 

Tj 

-55 to +100 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°c 

Soldering Temperature (10 s) 

- 

260 

°c 


High Isolation Voltage — < 

V ls0 = 2500 V (Min) - 4N29,32 

1500 V (Min) - 4N 30,31 ,33 
High Collector Output Current < 

@ Ip = 10 mA — 
l c =50 mA (Min) - 4N32,33 
10 mA (Min) - 4N29,30 
5.0 mA (Min) - 4N31 


FIGURE 1 - MAXIMUM POWER DISSIPATION 



Figure 1 is based upon using limit 

values in the equation- 

T J1 " t A = r 0JA < p D1 + K 0 P D2> 

where 

Tji Junction Temperature (100°C) 
Ta Ambient Temperature 
r 0JA Junction to Ambient Thermal 
Resistance (500°C/W) 

PqI Power Dissipation in One Chip 
Pp2 Power Dissipation in Other Chip 
Kg ' Thermal Coupling Coefficient 
( 20 %) 

Example. 

With P D1 = 90 mW in the LED 
@ Ta = 50°C, the Darlington 
P D ( p D2^ must be less than 50 mW. 


INFRARED LIGHT EMITTING DIODE 
PHOTO DARLINGTON TRANSISTOR 
COUPLED PAIR 




STYLE 2 

PIN 1. ANODE 

2. CATHODE 

3. N.C. 

4. EMITTER 

'5. COLLECTOR 
6. BASE 


- njA ^ 

D — J h— SEATING 
PLANE 


DIM 

MILLIMETERS 

INCHES ! 

MIN 

MAX 

MIN 

MAX 

A 

8.38 

8.89 

0.330 

0.350 

B 

1.40 

1.65 

0.055 

0.065 ' 

C 

2.92 

3.18 

0.115 

0.125 

D 

0.41 

0.51 

0.016 

0.020 

E 

0.64 

0.89 

0.025 

0.035 

F 

1.14 

1.40 

0.045 

0.055 

G 

2.54 

BSC 

0.10C 

BSC 

H 

1.57 

1.83 

0.062 

0.072 

J 

0.23 

0.28 

0.009 

0.011 

K 

2.54 

3.30 

0.100 

0.130 

L 

7.37 

7.87 

0.290 

0.310 

M 

_ 

5° 

_ 

5° 

N 

- 

1.27 

- 

0.050 

R 

1.52 

1.78 

0.060 

0.070 


CASE 673-03 


2-666 




4N29, 4N30, 4N31, 4N32, 4N33 (continued) 


LED CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

"Reverse Leakage Current 
( V R = 3.0 V, R L = 1 .0 M ohms) 

*R 

- 

0.05 

100 

m a 

"Forward Voltage 
(Ip = 50 mA) 

Vp 

- 

1.2 

1.5 

Volts 

Capacitance 

(Vr = 0 V, f = 1.0 MHz) 

C 

1 

150 

~ 

pF 


PHOTOTRANSISTOR CHARACTERISTICS (Ta = 25°C and Ip = 0 unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

"Collector-Emitter Dark Current 
(V CE = 10 V, Base Open) 

'CEO 

- 

- 

100 

nA 

"Collector-Base Breakdown Voltage 
(l C = 100 mA, l E = 0) 

bv CBO 

30 

_ 

~ 

Volts 

"Collector-Emitter Breakdown Voltage 
(l c = 100 mA, I b = 0) 

bv CEO 

30 

; 

. - - - — - J 

Volts 

"Emitter-Collector Breakdown Voltage 
(l E = 100 mA, lg = 0) 

bv ECO 

5.0 


1 

Volts 

DC Current Gain 
(V C p = 5.0 V, l c = 500 pA) 

hpE 

— 

5000 




COUPLED CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

"Collector Output Current (1) 

4N32, 4N33 

*C 

50 

- 

- 

mA 

(VcE = 10 V, l F = 10 mA, lg = 0) 

4N29, 4N30 


10 

- 

- 



4N31 


5.0 

- 

- 


"Isolation Voltage (2) 

4N29, 4N32 

v ISO 

2500 

- 

- 

Volts 


4N30, 4N31.4N33 


1500 

- 

- 


Isolation Resistance (2) 


- 

- 

10 11 

- 

Ohms 

(V = 500 V) 







"Collector-Emitter Saturation Voltage (1) 

4N31 

v CE(sat) 

- 

- 

1.2 

Volts 

(l c - 2.0 mA, l F = 8.0 mA) 

4N29, 4N30, 4N32, 4N33 


- 

- 

1.0 


Isolation Capacitance (2) 


- 

- 

0.8 

- 

pF 

(V = 0,f * 1.0 MHz) 


[ 

I 





Bandwidth (3) 



- 

30 

3 1 

kHz 

(l c = 2.0 mA, R l = 100 ohms, Figures 6 and 8) j 







SWITCHING CHARACTERISTICS (Figures 7 and 9), (4) 


Turn-On Time 0c = 50 rnA, Ip = 200 mA, Vqq = 10 V) 

l on 

- 

0.6 

5.0 

MS 

Turn-Off Time (\q = 50 mA, Ip - 200 mA, V cc = 10 V) 4N 29,30,31 

toff 

- 

17 

40 

MS 

4N32,33 


- 

45 

100 



indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 ms, Duty Cycle <2.0% 

(2) For this test LED pins 1 and 2 are common and Photo Transistor pins 4,5 and 6 are common. 

(3) I p adjusted to yield lc = 2.0 mA and i c = 2.0 mA P-P at 10 kHz. 

(4) t(j and t r are inversely proportional to the amplitude of Ip; t s and tf are not significantly affected by Ip. 



DC CURRENT TRANSFER CHARACTERISTICS 

FIGURE 3- 4N32, 4N33 


0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

If, FORWARD DIODE CURRENT (mA) 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ip, FORWARD DIODE CURRENT (mA) 


2-667 




4N29, 4N30, 4N31, 4N32, 4N33 (continued) 


TYPICAL ELECTRICAL CHARACTERISTICS 

(Printed Circuit Board Mounting) 


FIGURE 4 - DIODE FORWARD CHARACTERISTIC 


FIGURE 5 - COLLECTOR-EMITTER CUTOFF CURRENT 



3.0 5.0 10 20 30 50 100 200 300 500 1.0 k 2.0 k 3.0 k 

ip, INSTANTANEOUS FORWARD CURRENT (mA) 



Ta, AMBIENT TEMPERATURE <°C) 


FIGURE 6 ~ FREQUENCY RESPONSE 


FIGURE 7 - SWITCHING TIMES 




FIGURE 8 - FREQUENCY RESPONSE TEST CIRCUIT 


FIGURE 9 - SWITCHING TIME TEST CIRCUIT 




nr? Ci 






4ISI29, 4N30, 4N31, 4N32, 4N33 (continued) 


TYPICAL APPLICATIONS 
FIGURE 10 - VOLTAGE CONTROLLED TRIAC 



FIGURE 11 - AC SOLID STATE RELAY 



FIGURE 12 - OPTICALLY COUPLED ONE SHOT 



FIGURE 13- ZERO VOLTAGE SWITCH 



4 





NOTES 



